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TESTS OF A MIKADO-TYPE LOCOMOTIVE
EQUIPPED WITH NICHOLSON THERMIC SYPHONS
I. INTRODUCTION
1. The Thermic Syphon.-The Nicholson Thermic Syphon has been
generally available since 1918, and about 12 600 syphons are now in
service on American and Canadian locomotives. Although in this in-
terval the syphon has been subjected to numerous tests in road service,
the results presented in this bulletin constitute the first published
record of tests of this device in a locomotive testing plant, where the
conditions of operation can be fully controlled.
The syphon is illustrated and described in the body of the bulle-
tin on pages 13 to 15. It is sufficient here to describe it roughly as
a water-leg of triangular longitudinal section and rectangular cross-
section, terminating at the bottom in a cylindrical neck. This neck
is connected to the throat sheet of the boiler, while the long and narrow
upper end is connected to the crown sheet. One or more syphons
are thus applied in the firebox, depending upon its size; and in loco-
motives with combustion chambers, additional smaller syphons are
there applied. In the locomotive used for these tests two syphons
were installed in the firebox. The function of the syphon is to stimu-
late and accelerate the circulation of the boiler water, the very rapid
evaporation within it drawing the cooler water from the throat; at
the same time it provides additional and highly effective heating
surface.
2. Purpose of the Investigation.-The chief purpose of the tests
the results of which are here recorded was to measure the coal and
water consumed in a modern locomotive when operated, under rigidly
controlled conditions, both with and without syphons, in order to
determine the magnitude of the fuel savings effected by this device.
The tests were made during April, May, and June, 1930, in the Loco-
motive Laboratory of the University of Illinois, on a 2-8-2 type loco-
motive, which was tested, first without syphons, and again after they
had been applied.
3. Results of the Tests.-Since the syphons directly affect only the
boiler performance of the locomotive, the adopted criterion of per-
formance was the evaporation per pound of dry coal. The locomo-
ILLINOIS ENGINEERING EXPERIMENT STATION
tive was operated at four rates of evaporation chosen to represent the
ordinary range of boiler output in everyday service. At all rates of
evaporation the syphon-equipped locomotive showed a definite and
notable superiority over the non-syphon engine as regards both evapo-
ration per pound of coal and boiler efficiency. The facts with respect
to evaporation and efficiency are discussed in Chapter V, pages 28 to
39; and the gains in these two measures of heat transmission are sum-
marized in Table 5 and Table 7.
The secondary results of the tests are presented in Chapter -VI.
Concerning them it is sufficient here to say that such factors of per-
formance as rate of evaporation, steam pressure, steam quality, draft,
speed, cut-off and back-pressure were practically the same with and
without syphons. At the three higher rates of evaporation the degree
of superheat in the steam was substantially the same with the syphons
and without them, while at the lowest rate the non-syphon locomo-
tive produced about twenty degrees more superheat. There were differ-
ences in the temperature of the gases at various points in their pas-
sage through the boiler, which are discussed on pages 46-49.
4. Acknowledgments.-This investigation was undertaken as one
of the coSperative researches of the Engineering Experiment Station
of the University of Illinois, in co5peration with the Illinois Central
Railroad and the Locomotive Firebox Company of Chicago, which
manufactures the syphon. The railroad company furnished the loco-
motive, and all three agencies shared in the expense of conducting
the tests. The general arrangements for the tests were negotiated
with Mr. F. R. MAYS, General Superintendent of Motive Power of
the Illinois Central Railroad, and Mr. GEORGE R. CARR, Chairman of
the Board of Directors, and Mr. WALTER S. CARR, President of the
Firebox Company.
In accordance with the usual practice of the Experiment Station in
carrying on such co6perative investigations, the general program for
the research was laid down by an advisory committee composed of
Mr. B. J. FEENY, representing the Railroad Company, Mr. L. R. PYLE,
representing the Firebox Company, and EDWARD C. SCHMIDT, repre-
senting the Station. The members of this committee not only defined
the test program, but were either present or represented in the labora-
tory throughout all tests. The conduct of the tests, however, the cal-
culation and analysis of the results, and the preparation of the report
were under the exclusive control of the Railway Engineering De-
partment of the University, which acted for the Experiment Station,
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and which assumes full responsibility for the validity of the tests and
their results.
EVERETT G. YOUNG and HERMAN J. SCHRADER, members of the
Railway Engineering Department staff, were in direct charge of the
tests and of the calculation of the data. Mr. SCHRADER was in charge
of the laboratory and was responsible for the conduct of the tests,
while Mr. YOUNG was responsible for the collection and correlation of
the data and the calculation of the results. Both have had an im-
portant share in the final analysis of the results and in the prepara-
tion of this bulletin.
As previously stated, this research has been a part of the work
of the Engineering Experiment Station of the University of Illinois,
of which DEAN M. S. KETCHUM is the director, and of the Depart-
ment of Railway Engineering, of which EDWARD C. SCHMIDT is the
head.
II. THE LOCOMOTIVE AND THE SYPHONS
5. General Design and Main Dimensions.-The locomotive used
for the tests was Illinois Central Railroad engine No. 1742, of the
Mikado or 2-8-2 type, built in 1915 by the Lima Locomotive Works
and bearing the builder's serial number 5046. A photograph of a loco-
motive of identical design is reproduced in Fig. 1. Its dimensions are
given in detail in Appendix A; its principal dimensons are as fol-
lows:
Total weight, in working order, lb ............................... . ... 282 700
W eight on leading truck, lb......................................... 26 300
W eight on drivers, lb............................................... 218 300
W eight on trailing truck, lb......................................... 38 100
Cylinders (simple), diameter and stroke, in ........................... 27 x 30
Diameter of drivers (nominal), in................................... . 63
Firebox, length and width, in ....................................... 120% x 84
Grate area, sq. ft .................................................. 70.4
Boiler pressure, lb. per sq. in........................................ 185
Rated tractive force (m.e.p. = 0.85 b.p.) ............................. 54 588
Without With
Syphons Syphons
Volume of firebox, above grate, cu. ft....................... 346.0 336.0
Heating surface-Area of the fireside surfaces of all heat-trans-
mitting boiler parts, sq. ft.:
Of the tubes and flues.................................. 3401.2 3401.2
Of the firebox, including syphons......................... 235.0 305.8
Of the arch tubes...................................... 31.6 15.8
Total water-evaporating surface.......................... 3667.8 3722.8
Of the superheater..................................... 1074.4 1074.4
Total, including superheater ......................... . .. 4742.2 4797.2
The boiler, whose general design is shown in Figs. 18 and 19
in Appendix A, is of the straight top, radial-stay type, composed of
three ring courses and the back end. The steam dome is mounted
over a 26-inch opening in the third course, with an auxiliary dome
immediately behind it. Flexible stay-bolts are used in the throat
and in the breaking zones of the back-head and sides of the firebox.
The front four rows of crown stays are of the Tate expansion type,
the remainder being ordinary button-head stays. The two front courses
of the boiler are provided with "diamond" double-welt longitudinal
seams, the inside welt being hexagonal. In the third course the longi-
tudinal seam is combined with the dome liner. The firebox crown and
side sheets are made in one piece, as is also the wrapper sheet. A
"Security" brick arch is mounted on four 3-inch arch tubes. This
mounting was altered when the syphons were installed. The grates
are of the rocking finger type, with 12 shaking bars on each side of
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the center, and a pair of 13%-inch dump grates at the back. The
openings in the grate amount to 25.89 sq. ft., or 36.8 per cent of the
grate area. The only other air inlet to the firebox is the firedoor
opening.
The boiler was provided with a Type A superheater, built by The
Superheater Company, and comprising thirty-six units and a header
of the through-bolt type. The average distance between the return
bends and the back tube sheet was 34 inches. The superheater damper
was wired in the open position during the entire time the locomotive
was in the laboratory.
The front-end arrangement is shown in Fig. 18. There is no ex-
tension stack, but the petticoat pipe extends up to the level of the
stack opening in the smokebox, leaving a passage of about 147 sq.
in. area around the petticoat into the stack. The inside diameter of
the petticoat pipe is 18% inches and it flares at the bottom to a diam-
eter of 30 inches, the bottom being 13% inches above the top of the
exhaust tip. The nozzle tip has a circular opening 64 inches in diam-
eter and is provided with a %-inch knife-edge bridge, the edge of
which is set % inch below the top of the tip. The table plate is a
solid sheet; and the netting is composed of %-inch wire, with openings
%6 inch by % inch.
The valve gear is of the Walschaerts type, with forward motion
taken from the bottom of the link, the return crank consequently
lagging behind the main crank. The lap and lead lever is driven by
an arm on the crosshead. Miscellaneous engine equipment included
a Franklin pneumatic butterfly-type firedoor, a Ragonnet pneumatic
reverse gear, Simplex injectors, and Alemite lubrication on hub liners.
6. Condition of the Boiler and Machinery.-During February and
March, immediately preceding the tests, the locomotive had been
given a general overhauling, and when received at the University it
had run only 1470 miles in road service since leaving the shops. It
arrived at the laboratory in excellent condition, and after being
placed on the testing plant required only minor adjustments, such
as guide alignment, piston-rod packing, valve setting, and the like-
all of which were made by the railroad company's machinists. During
the progress of the tests the engine ran the equivalent of 4235 miles.
The machinery remained in excellent condition.
The boiler of the locomotive was likewise in first-class condition
throughout its stay in the laboratory. The surfaces in contact with
the boiler water were inspected upon arrival and were found to be
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FIG. 2. REPRODUCTION OF A PHOTOGRAPH OF ONE OF THE SYPHONS
INSTALLED IN LOCOMOTIVE NO. 1742
practically clean. Treated feedwater was used during the tests; and
examination of the boiler surfaces at the close of the first series* of
tests and again at the end of the second series showed that the only
deposit during the tests was a very thin powdery white coating,
which could be easily wiped off with the hand.
The boiler had been inspected when in the shops, and it was again
inspected and given a hydrostatic test after the syphons were installed.
It remained tight, and throughout the tests there was no leakage
whatever of water or steam. The injector overflow was piped back
to the laboratory feed tank; it amounted to only the initial overflow,
since after beginning a test the injector setting remained practically
constant, and the injectors were never started or stopped while the
test was in progress.
The steaming of the engine, from the outset, indicated that the
drafting arrangements were satisfactory, and no change whatever was
made in the front-end after it was received at the laboratory. The
*For the sake of brevity the tests made before the syphons were applied are frequently
referred to as Series I (tests Nos. 2701 to 2714 inclusive); whereas those made after the in-
stallation of the syphons are called Series II (Nos. 2715 to 2731 inclusive).
ILLINOIS ENGINEERING EXPERIMENT STATION
00000000000000
io*e**ee*e.ee*
* 000000000000,
*00 000000 @00
FIG. 3. A VIEW OF THE THERMIC SYPHON, SHOWING ITs GENERAL CONSTRUCTION
front-end was inspected at the beginning of the tests, during their
progress, and at their conclusion; everything in it remained intact.
7. The Syphons.-Two syphons were installed in the locomotive
before the beginning of the tests of Series II. A photograph of one
of them is reproduced in Fig. 2, and a general view showing the
syphon construction appears in Fig. 3. The sheets of the syphon are
% inch thick, and are spaced 3 inches apart; the lower bulbous por-
tion is approximately circular in section and of 6% inches inside di-
ameter. The center to center distance between the syphons is 20
inches at the front and 19% inches at the back, the measurements
being taken along the curve of the top of the crown sheet. The syphons
were installed in accordance with the latest practice, which avoids
the removal of any of the fire-tubes. Two of the arch-tubes were,
however, discarded and the arch, after the syphons were in place,
rested upon the two remaining tubes and upon the bulbous lower por-
tion of the syphons. The arch extended back to the same point over
the grates as before the syphons were put in. Figure 4 shows the
syphons in position in the firebox.
The syphons were installed by Illinois Central Railroad boiler
makers under the personal supervision of the Chief Boiler Inspector.
The work was done in the laboratory and without disturbing the
mounting of the locomotive on the test plant. At the same time a
slight play in the brasses of the right-hand main side-rod connection
TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS
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was taken up; otherwise no change whatever was made in the loco-
motive. It is to be emphasized, therefore, that except for the in-
stallation of the syphons and the change in the firebox heating sur-
face and volume thereby entailed, no change which could affect the
performance of the locomotive was made between the tests of Series
I and those of Series II.
III. THE COAL USED
8. Source, Preparation, and Composition of the Coal.-The coal
used during the tests was supplied by the Illinois Central Railroad
and was produced at Mine No. 12 of the Madison Coal Corporation,
located at Cambria, Williamson County, Illinois. It was run-of-mine
coal passed over a two-inch screen and designated as two-inch lump
coal. Twelve carloads, all mined and loaded on March 14, were
shipped to Champaign and there stored within the railroad company's
roundhouse, whence it was brought to the laboratory, one carload at
a time, as required. Geologically, this coal is designated as "Wil-
liamson County No. 6." The mine was chosen by the General Fuel
Inspector of the Illinois Central Railroad, and the coal was mined,
screened, and loaded under his personal supervision-all with a view
of ensuring uniformity. From its arrival in Champaign until it was
fired the coal was protected from the weather, being covered by canvas
in transit to the laboratory and there held under roof. It was loaded
directly from the cars into the laboratory coal barrows.
Coal analyses for each test are given in Appendix D. In order to
reveal the uniformity in chemical composition and heat value, there
are presented in Table 1 the average percentages of each constituent.
for all tests, together with the maximum and the minimum percentages
found by analysis for any of the tests.
In order to determine whether there was any significant variation
in the size of the coal from carload to carload, a sample from each
car was separated, by screening, into four parts, whose range in size
is specified in the column headings of Table 2. These parts were
weighed and the weights converted into percentages of the weight
of the sample. The samples for this purpose were 1000-pound bar-
rows of coal which, in regular course, would have gone to the firing
platform. They were taken at a stage of unloading the car at which
it was judged a characteristic sample would be obtained. The re-
sults of these screen analyses of the various carloads are presented
in Table 2. Figure 5 is a reproduction of a photograph of the four
parts into which the screening sample for the eighth carload was
separated. The pile toward the rear is a full 1000-pound sample; the
four piles in front are the constituents of a similar sample.
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TABLE 1
CHEMICAL ANALYSIS AND CALORIFIC VALUE OF THE COAL
Average
Value for
All Tests
Proximate Analysis of Coal, as Fired:
Moisture, per cent... ................................
Volatile M atter, per cent ........................................
Fixed Carbon, per cent............. ...........................
Ash, per cent.. ............................. ......
Sulphur, separately determined, per cent..........................
Ultimate Analysis of Coal, as Fired:
Carbon, per cent.................. ..... .... ...................
H ydrogen, per cent .......... . .................................
N itrogen, per cent.......................... ...................
Oxygen, per cent.................... ..... ...................
Calorific Value of:
Coal, as fired, B .t.u... . . . . . . . . . . .. ... . ..... ..........
D ry coal, B .t.u. ..... ......... ............ . ...... . .........
5.37
35.54
47.22
11.87
3.58
64.45
4.86
1.10
8.77
11 890
12 563
Maximum Minimum
Value for Value for
Any Test Any Test
6.31 4.69
38.10 33.78
48.96 44.61
13.38 10.34
4.54 2.95
12 133 11 623
12 910 12 201
TABLE 2
SCREEN ANALYSIS OF THE COAL
Percentages of the Various Sizes of Which the
Screening Sample Was Composed
Numbers of the Tests
Number of the During Which Coal
Carload from This Carload Coal Passing Coal Passing
Was Used Coal Passing over through a 3-inch, through a 1-inch, Coal Passing
a 3-inch Screen and over a and over a through a
1-inch Screen Y,-ihch Screen Y-inch Screen
First 2701-2704 incl. 38.3 1 53.3 4.3 4.1
Second 2705-2708 intl. 43.3 39.3 6.8 10.6
Third 2709-2713 incl. 31.4 49.0 9.2 10.4
Fourth 2714 39.1 45.5 7.4 8.0
Fourth* 2715-2717 incl. 22.3 46.8 12.2 18 7
Fifth 2718-2722 incl. 47.2 44.3 3.4 5.1
Sixth 2722t-2726 incl. 47.1 43.1 4.0 5.8
Seventh 2727-2730 incl. 47.6 39.9 5 4 7 1
Eighth 2731t 34.5 51.7 6.9 6.9
*After the completion of test No. 2714 the coal remaining in the original fourth car was transferred to another car
by means of a clam-shell bucket, some breakage resulting therefrom. A second screen analysis was therefore made of the
transferred coal. Of the tests upon which the final conclusions are baased, the only one in which this re-handled coal was
used is No. 2716, which is a test at the lowest rate of evaporation used. This test was of full length and it gave results
in accord with others in its group; it was agreed by all concerned that the excess fine coal resulting from the re-handling
probably had had little, if any, effect at the low draft which prevailed at this low rate of evaporation. Test No. 2717,
run at a higher rate of evaporation, was rejected on account of the excess of fine coal. Test No. 2715 was rejected because
it had been discontinued after only 10 000 lb. of coal had been fired.
tOf the coal fired during test No. 2722, 13 000 lb. of coal were taken from the fifth carload, and 7000 lb. from
the sixth.
'Of the coal used during test No. 2731, 6000 lb. were taken from the seventh carload, 2000 lb. were a mixture of
coal from the seventh and eighth cars, and 12 000 lb. were from the eighth carload.
L
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FIG. 5. RESULTS OF ONE OF THE SCREEN ANALYSES OF THE COAL
ILLINOIS ENGINEERING EXPERIMENT STATION
V I -I -I
IV. TEST PROGRAM AND PROCEDURE
Only the principal facts concerning test procedure are here pre-
sented. Further explanations concerning test methods and equipment,
such as the collection of stack cinders, the sampling of the coal, the
measurement of temperatures, and the like, are given in Appendix B.
The test methods and procedure were, in general, in accordance with
the requirements of the American Society of Mechanical Engineers'
Test Code for Steam Locomotives. Where it has been necessary to
deviate from these requirements, that fact is specifically stated in this
bulletin.
9. General Procedure and Program.-Under the decisions of the
Advisory Committee, tests were run, in each series, at four rates of
evaporation-nominally 17 500, 27 500, 37 500, and 45 000 pounds
per hour (actual evaporation). These rates were chosen to represent
the usual range in evaporation rate of Engine No. 1742 in road service.
The test conditions were so set as to attain in Series II the same rates
of evaporation as in Series I; and although this similarity was not
precisely realized at all rates, the difference between the two series is
small, the maximum difference in average rate being only 2.4 per cent.
The other main test conditions prescribed by the Advisory Com-
mittee were that not less than 20 000 pounds of coal be burned in
each test, and that the program be continued until, in each series and
at each rate of evaporation, three tests had been secured whose results
should be in such close agreement as to establish a reliable average
result for the rate in question. That this last purpose was attained is
disclosed by consideration of the evaporation values which are pre-
sented in Chapter V. In order to avoid the disturbance arising from
blowing safety valves, all tests were run at a nominal steam pressure
of 182 pounds instead of at the usual working pressure of the locomo-
tive (185 pounds).
On the assumptions that the coal used would be substantially uni-
form in quality throughout all tests and that the conditions of boiler
operation could be maintained alike, it was agreed at the outset that
the performance of the locomotive with and without syphons should
be judged by comparing the evaporation and the coal consumption in
the two series of tests; and that conclusions with respect to the savings
effected by the syphons should rest upon a comparison of the values
of equivalent evaporation per pound of dry coal-equivalent evapora-
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TABLE 3
DURATION OF THE TESTS AND AMOUNT OF COAL FIRED
Series I-Without Syphons Series II-With Syphons
Duration Coal Fired Duration Coal Fired
Test of Test During Test Test of Test During Test
Number Number
hr. lb. hr. lb.
2701 5.567 20 000 2715* 3.000 10 082
2702 8.033 20 000 2716 8.567 20 000
2703 8,083 20 000 2717* 5.817 20 000
2704 5.450 20 000 2718 3.100 20 000
2705 3.500 20 000 2719 8.800 20 000
2706 7.767 20 000 2720* 5.700 18 635
2707 5.400 20 000 2721 3.133 20 000
2708 3 417 20 000 2722 3.917 20 000
2709* 3.000 20 000 2723 3.850 20 000
2710 2.850 20 000 2724 8.733 20 000
2711* 2.200 15 160 2725 6.100 20 000
2712 2.850 20 000 2726* 9 eon 17 7A0
2.85 20 0WO 2727 3.583 17 825
2714 3.533 20 000 2728 6.117 20 000
2729 5.967 20 000
2730 3.150 20 000
2731 3.850 20 000
*These tests are excluded from those from which the final conclusions are drawn.
tion being used, instead of actual evaporation, in order to compensate
for the slight variations in feedwater temperature, steam pressure, and
superheat which occur from test to test.
The locomotive was first tested in the condition in which it was
received at the laboratory, that is, without the syphons; and, as previ-
ously stated, these tests are designated as Series I. The tests made
after the installation of the syphons are called Series II. During the
entire main investigation 31 tests were run, numbered from 2701 to
2731 inclusive. Their duration and the amount of coal fired per test
appear in Table 3. Seven of these 31 tests (marked with the asterisk
in Table 3) failed in some respect to meet the prescribed conditions,
and they are therefore not included among the tests upon which the
main results and conclusions, presented in the body of the bulletin,
are based. The results of these seven tests are, however, given in the
general tables of results in Appendix D. Test No. 2709, which was
intended to be the first test at the highest rate of evaporation, proved
to have developed a rate lower than was desired; it has no counter-
part in Series II, and is rejected on that account. Tests 2715 and 2717,
both run at the second rate of evaporation, were fired with coal which
had been transferred from the original car into another by means of a
clam-shell bucket, resulting in breakage and an excess' of fine coal.
They are rejected because this excess, at the draft prevailing at this
.
3 172 
*
TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS
rate of evaporation, was deemed likely to entail undue cinder loss.
During test 2715, furthermore, only 10 082 pounds of coal were fired.
On account of difficulty with supporting-wheel bearings, with the ab-
sorption brakes, or because of the failure of other laboratory equip-
ment, five tests had to be discontinued before the specified 20 000
pounds of coal had been fired; these tests are No. 2715, previously re-
ferred to, and also Nos. 2711, 2720, 2726, and 2727. These five tests
are rejected because of the shortage in coal fired, notwithstanding the
fact that all except No. 2715 gave results which are in fairly close
agreement with those of the accepted tests at like rates of evapora-
tion.
There remain therefore 24 tests which comply in all respects with
the requirements laid down by the Advisory Committee-twelve tests
in each series; and, in each series, three tests at each rate of evapora-
tion. The conclusions with respect to the relative performance of the
locomotive with and without syphons rest exclusively upon these 24
tests, whose numbers appear in the following list:
Series I-Without Syphons Series II-With Syphons
First Second Third Fourth First Second Third Fourth
Rate Rate Rate Rate Rate Rate Rate Rate
2702 2701 2705 2710 2716 2725 2722 2718
2703 2704 2708 2712 2719 2728 2723 2721
2706 2707 2714 2713 2724 2729 2731 2730
One supplementary test, with a special purpose, was made after
the conclusion of the main investigation. This is called test No.
2732 and is referred to in Chapter VI and in Appendix C.
10. Firing and Handling the Coal.-During all tests the locomotive
was hand-fired by the so-called "level firing" method. The fireman,
Mr. Kelly Taylor, was chosen for the laboratory work by Mr. B. J.
Feeny. Mr. Taylor is one of the regular firemen on the Illinois Di-
vision of the Illinois Central Railroad, has been eighteen years in
service and stands near the head of the list for promotion to engine-
man. Although he had not previously fired in the test plant, he readily
adapted himself to laboratory conditions, and his capability and skill
were constantly evident. The fireman's performance having been
established in preliminary runs to the satisfaction of the Advisory
Committee, he was thereafter free from interference; his work, how-
ever, was under constant observation and, at the conclusion of each
test, was agreed to by Messrs. Feeny and Pyle as having been satis-
factory to them.
The firing was of quite unusual uniformity and regularity, as is
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evidenced by the very narrow range within which the time required
to burn ten tons of coal varied in successive tests at each rate of
running. The most striking example of this regularity is afforded by
the three tests run without syphons at the highest rate of evapora-
tion (tests 2710, 2712, and 2713). These tests each lasted 2.85 hours,
the variation between them being less than one minute. Among the
three corresponding tests with the syphons the maximum difference
in duration was 3 minutes. Among the tests at the lowest rate of
evaporation, which lasted about eight hours, the maximum differ-
ence in duration was 19 minutes for the tests of Series I, and 14 min-
utes for those of Series II. For the two intermediate rates these differ-
ences lie between those just cited.
The coal was received in side-dump cars which were discharged
upon a concrete pavement. It was shovelled from this pavement into
the laboratory barrows, each holding about a thousand pounds; the
largest lumps, such as are ordinarily broken on the engine deck,
being broken down at this time. The barrow was then taken to the
weighing scales, where the load was adjusted to exactly 1000 pounds;
and from there it was elevated to the firing platform. During the
firing-up period, coal was dumped upon the firing platform as was
convenient, and during the last few minutes before the beginning of
the test proper, the coal on the platform was reduced to an amount
that could quickly be removed. It was so removed immediately be-
fore the beginning of the test, and, at the signal for the start, the first
barrow of test coal was dumped upon the thoroughly clean platform.
Thereafter coal was dumped as each barrowload was used up and
the platform cleaned. If it became necessary to stop a test before
firing the entire ten tons, the coal remaining on the platform at the
time of the stop was shovelled back into the barrow and weighed;
otherwise the last shovelful fired was the sweepings from the platform
after the twentieth barrowload was used up. During the progress of
the test a coal-passer on the platform kept the coal pushed over to the
right side of the fireman, within convenient reach; his operations
were thus better facilitated than they would ordinarily be in road
service.
11. Starting and Stopping the Tests.-For all tests the fire was
built up from a clean grate, the time until full boiler pressure was at-
tained averaging about three hours. After the steam pressure had
been built up, the locomotive was run through a period varying, from
test to test, from fifteen minutes to half an hour, while the speed and
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load required for the desired evaporation rate were being established.
Thereafter the locomotive was run for a further period of fifteen min-
utes or longer in order to establish the final setting of the injector,
to obtain, the desired water level in the boiler, and to ensure that all
other conditions of operation were steady; thereupon the test was
started.
At the start the fire was, on the average, about six inches thick;
in a few instances, due to delay in starting, it was a little thicker. In
paragraph 30 of the A.S.M.E. Test Code it is implied that the firebed
ought to be so manipulated as to have at the end of the test about
the same thickness as at the beginning. Such manipulation proved to
be impracticable in these tests, for the shaking of the grates entailed
by this requirement would have disturbed the condition of the fire
and would have thrown a large amount of combustible into the ash-
pan. The shaking of the grates, therefore, was left to the judgment
of the fireman, and in all tests the firebed increased in thickness, as
the test progressed, by eleven or twelve inches, the thickness at the
end varying from 17 to 19 inches, in most instances. The fire was
maintained as nearly level as practicable during the progress of the
tests, and in almost all tests it was level at the beginning and at
the end.
All tests in which the full ten tons of coal were fired were stopped
as follows: When the last few shovelfuls of the twentieth barrow-
load were about to be fired, a representative of the University, to-
gether with Mr. Feeny and Mr. Pyle, took position to observe the
steam gauge. The steam pressure was noted at the moment the last
shovelful was fired. As the firing ceased the pressure soon began to
fall; and when the three observers agreed that it had fallen to 2
pounds less than the pressure first noted, the test was declared closed,
and the time recorded. The interval between firing the last shovelful
and the end of the test varied, from test to test, from % minute to
2% minutes, depending chiefly upon the rate of evaporation. The
five tests in which less than ten tons of coal were fired were all stopped
without warning, because of emergencies. In these tests all final obser-
vations were made as promptly as possible after the stop.
12. Boiler Feeding.-Before beginning the regular tests the loco-
motive had been run enough to establish the fact that, at the lower
rates of evaporation desired, the usual injector equipment-two Sim-
plex No. 11 injectors-could be used only by shutting off the injector
several times in the course of the tests. A No. 10 injector was con-
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sequently substituted on the left side; this, at a low rate of discharge,
provided the 16 500 pounds of water needed at the lowest rate of
evaporation, and was adequate at the second rate. For the third and
fourth rates the remaining No. 11 injector proved suitable. In all
tests the operation of the injector was continuous and uniform, and
the required rates of delivery were so nearly attained that the greatest
variation in height of water in the gauge-glass between the beginning
and the end of the test was 2% inches. In several tests the height
was the same at the end as at the beginning.
13. Control of Speed and Cut-off.-The speed of the engine was
controlled by controlling the water-pressure within the absorption
brakes. It was at all times maintained nearly constant and close to
the rate desired in the various tests. Among all the tests the greatest
variation of the average speed for the test from the desired speed
is 0.45 r.p.m. in 120, or % of one per cent; and for 26 out of 31 tests
this variation is less than %o of one per cent. Variations in speed,
from time to time, within the tests were no greater than those just
cited.
Constant cut-off during any test was ensured by fixing the posi-
tion of the crosshead of the power reverse gear. Three steel bars were
prepared, of varying lengths, based upon the nominal cut-offs as de-
termined by analysis of the valve gear drawings. These lengths were
checked by trial on the locomotive and found to be suitable. For any
of the three desired cut-offs, one of these bars was placed between the
head of the cylinder of the reverse gear and the crosshead, and the
latter was then drawn tightly against the bar by means of air pressure.
Thus set, the cross head was fixed in position by two set screws bear-
ing upon the guide. Among tests of like nominal cut-off there was
no difference in cut-off except that occasioned by wear of the pins in
the valve gear and by variation in distortion of the gear due to varia-
tion in speed.
14. Weighing the Coal and the Water.-The coal scale is perma-
nently set at a point in the route of the coal barrows to the firing plat-
form. The poise on the tare beam of this scale was set to balance the
weights of the empty barrows, which had been equalized before the
tests began. The net-weight beam was kept constantly weighted for
1000 pounds; and in passing over the scale a small amount of coal
was added to or taken from the barrowload to bring its weight to
exactly this amount. These scales, and those for weighing the feed-
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water also, were calibrated frequently during the progress of the
tests. Such errors as were found, although invariably insignificant in
amount, were compensated by resetting the poise on the tare beams.
The observer responsible for the coal weighing kept a record of weights
and the time of dumping each barrowload upon the firing platform.
His records were subjected to various checks. Several observers kept a
record of the time required to fire each barrowload and of the ac-
cumulated time for all loads; the coal-passer chalked up in a con-
spicuous place the serial number of the barrowload then in process
of being fired; and the shovellers loading the barrows at the car kept
a separate barrow tally.
The boiler feedwater was weighed in two tanks, each holding a
maximum of about 2200 pounds, and so arranged that one tank was
emptying into the .main feed tank while the other was being filled
from the feedwater supply line. The weighing tanks were mounted on
separate scales, each of which had a tare beam upon which the weight
of the empty tank could be balanced. The water in the main feed tank
was kept at nearly constant level so that the injectors should work
against practically constant head. The observer responsible for weigh-
ing the water kept a record of the net weight and the time of emptying
each tank. Since the water was fed to the locomotive at constant
rate, the failure to record two tankfuls of water would have been im-
mediately obvious-failure to record one would have been impossible,
on account of the alternation of the process.
V. MAIN RESULTS OF THE TESTS
Only the chief measures of boiler performance, namely, evapora-
tion per pound of coal and boiler efficiency, are here presented. These
results are derived from the 24 accepted tests cited on page 22. Other
elements of performance are given in Chapter VI.
15. Equivalent Evaporation.-Table 4 shows the values of equiva-
lent evaporation per pound of dry coal for each of the tests, and also
its average value for the three tests run at each of the four evapo-
ration rates, in each series. These values are plotted in Fig. 7, where
the upper curve shows the results for the tests of Series I, without
the syphons; while the curve in the center of this figure gives the
results for Series II, with the syphons. The circles plotted in Fig. 7
represent the values for the individual tests,* whereas the round
spots represent, for each of the four rates of evaporation, the average
evaporation per pound of coal at the average rate of evaporation.
The curves drawn in this figure are made to pass through these spots
representing the average values, and they are accepted as defining
the test performance of the boiler without and with syphons, respec-
tively. In order to facilitate comparison, these curves and the plotted
average values are duplicated and brought together at the bottom of
Fig. 7.
As is always the case in a locomotive, the equivalent evaporation
per pound of coal falls off, in general, as the rate of evaporation in-
creases, due to the decrease in boiler efficiency which accompanies
higher rates of evaporation and combustion. Because of this decrease,
and because the evaporation rates for the two series of tests are not
precisely alike, the average values plotted in Fig. 7 are not directly
comparable. Considering, for example, the third rate of hourly evapo-
ration as exhibited in Table 4 and at the bottom of Fig. 7, we find
that without syphons, the average evaporation per pound of coal was
8.79 pounds and the average hourly evaporation was 47 572 pounds;
whereas with the syphons, the evaporation per pound of coal was 9.55
pounds and the hourly evaporation, 46 664 pounds. In order to com-
pare these values of evaporation per pound of coal they must be ad-
justed to what they would have been at some common hourly rate
of evaporation. The common hourly rate chosen for this adjustment
*The numbers affixed to these circles are the last one or two numerals of the test numbers.
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TABLE 4
BOILER PERFORMANCE-MAIN RESULTS
Equivalent Evquiraltio
Evaporation per Pound
per Hour of Dry Coal
Pounds Pounds
21 s09 9 28
Test Conditions
(Nominal)
Speed, Cut-off,
R.P.M. Per Cen
80 25
Series
Series I
Without
Syphons
is the mean of the actual hourly rates, and in this instance this rate
is (47 572 + 46 664) - 2 47 118 pounds per hour. This mean
rate is represented in Fig. 7 by the vertical line c. In other words,
in order to determine the relative standing of the non-syphon and the
syphon-equipped locomotive we must resort to the curves of Fig. 7
instead of to the direct test averages; and, for the third rate of evapo-
ration, use values of evaporation per pound of coal derived from the
curves at the hourly rate represented by the line c. At the point where
the curve for Series I intersects the line c the equivalent evaporation
per pound of dry coal amounts to 8.80 pounds; and the curve for
Series II cuts this line at a point representing 9.53 pounds of equiva-
lent evaporation. These two values-8.80 and 9.53-apply to a com-
mon hourly rate (47 118 pounds) and they are, consequently, directly
Evapo-
ration
Rate
First
Second
Third
Test
Number
2702
2703
2706
Averages
2701
2704
2707
Averages
2705
2708
2714
Averages
2710
2712
2713
Averages
2716
2719
2724
Averages
2725
2728
2729
Averages
2722
2723
2731
Averages
Series II
With
Syphons
Fourth
First
Second
Third
Fourth
Dry Coal
Burned
per Hour
Pounds
2351
2335
2416
2367
3369
3461
3513
3448
5382
5484
5381
5416
6650
6676
6685
6670
2209
2161
2176
2182
3120
3079
3174
3124
4832
4915
4925
4891
6121
6046
6007
6058
120
120
180
80
120
120
21 277
21 737
21 608
31 334
32 232
31 604
31 723
46 924
47 857
47 935
47 572
57 253
55 912
56 107
56 424
21 577
21 573
21 532
21 561
31 027
30 860
31 006
30 964
46 947
46 870
46 175
46 664
54 796
55 634
54 743
55 058
30
45
45
25
30
45
45
Boiler
Efficiency
Per Cent
70.14
68.77
68.65
69.19
71,73
71 06
69.50
70.76
67.62
65.59
69,72
67.64
67.26
65.76
66.74
66.59
76.93
78.13
77.80
77.62
76.26
76.55
75.51
76.11
75.61
73.26
73.47
74.11
70.10
70.46
69.23
69.93
2718 180
2721
2730
Averages
9.11
9.00
9.13
9.30
9.31
9.00
9.20
8.72
8.73
8.91
8.79
8.61
8.38
8.39
8.46
9.77
9.98
9.90
9.88
9.94
10.02
9.77
9.91
9.72
9.54
9.38
9.55
8.95
9.20
9.11
9.09
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FIG. 7. CURVES OF EQUIVALENT EVAPORATION PER POUND OF DRY
COAL, AT VARIOUS RATES OF EVAPORATION
To facilitate comparison, each of the two upper curves in this figure is duplicated in the
lower pair, which are plotted on a common system of codrdinates.
comparable. They are accepted as defining the evaporative per-
formance of the boiler without and with syphons, respectively, at the
third rate of evaporation. The gain in evaporation effected by the
syphons at this rate is, therefore, 9.53 - 8.80 = 0.73 pounds; and the
percentage gain is (0.73 - 8.80) X 100 = 8.30 per cent. The average
test results for the three other rates of evaporation have been simi-
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TABLE 5
EQUIVALENT EVAPORATION PER POUND OF COAL, ADJUSTED TO A
COMMON EVAPORATION RATE
Equivalent
EvaporationEvaporation per HourRate
Pounds
1 2
First 21 608
21 561
Mean (line a) 21 585
31 723
30 964
Mean (line b) 31 344
47 572
46 664
Mean (line e) 47 118
56 424
55 058
Mean (line d) 55 741
Equivalent Evaporation
per Pound of Dry Coal
Series I
Without
Syphons
Pounds
3
9.13
9.13
9.20
9.20
8.79
8.80
8.46
8.48
Series II
With
Syphons
Pounds
4
9.88
9.88
Increase in the Equivalent Evaporation
per Pound of Dry Coal Due to Syphons
Pounds
(Col. 4- Per Cent
Col. 3) (Based on Col. 3)
5 6 7
0.75 8.21
9 91
9.91 0.71 7.72
9.55
9.53 0.73 8.30
9.09
9.05 0 57 6.72
Average
for All
Four
Rates
7.74
larly adjusted, and the test averages together with the final adjusted
values are assembled in Table 5. It is to be noted that the adjusted
values for the first and second evaporation rates given in this table
are the same as the actual average test results. This is merely be-
cause the adjustments are so small as to be negligible, due to the facts
that the differences between the actual hourly rates of evaporation
for the two series are very small, and that the curves in Fig. 7, where
they intersect the lines a and b, are nearly horizontal.
In column 5 of Table 5 are shown the increases in evaporation
per pound of dry coal effected by the syphons at each of the four
hourly rates of evaporation; and column 6 shows these increases ex-
pressed as a percentage of the evaporation secured without the sy-
phons. The general average increase, combining all four rates, appears
in column 7. These three columns of Table 5 consequently embody
the main results of the whole investigation, which may be summarized
as follows:
Rate of Increase in Equivalent Evaporation
Equivalent Evaporation per Pound of Dry Coal
per Hour Effected by the Syphons
First, 21 585 lb ............................................. 8.21 per cent
Second, 31 344 lb. .................................. 7.72 per cent
Third, 47 118 lb ............................................. 8.30 per cent
Fourth, 55 741 lb ........................................... .. 6.72 per cent
General Average Increase for All Four Rates..................... 7.74 per cent
Second
Third
Fourth
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FIG. 8. CURvEs SHOWING GAIN IN EVAPORATION PER POUND OF COAL AND
GAIN IN BOILER EFFICIENCY, DUE TO THE SYPHONS
These results show that under the conditions which prevailed during
the tests, locomotive No. 1742 generated 8.21, 7.72, 8.30, or 6.72 per
cent more steam per pound of dry coal when equipped with syphons,
than when not so equipped-at the respective hourly rates of evapo-
ration here shown. These percentage increases are plotted in the upper
part of Fig. 8 in order to show the relation between the gain in evapo-
ration and the hourly rate of evaporation.
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The general test conditions have been explained in Chapter IV
and the specific conditions are exhibited in detail in Chapter VI. In
discussing these main results of the tests it is pertinent, however, to re-
emphasize the fact that among the tests of Series I and Series II there
was unusual uniformity of operating conditions. Although, as previ-
ously stated, the use of equivalent evaporation as the criterion of per-
formance compensates for such differences in feedwater temperature,
steam pressure, steam quality, and superheat as did exist between
the two series, it is proper to point out-since it is a fact of practical
importance-that the degree of superheat attained with and without
the syphons was substantially the same at the three high rates of
evaporation; and that at the lowest rate the average superheat with
the syphons was only 20 degrees less than without them.
The four rates of evaporation used during the tests were so chosen
as to represent the ordinary range in evaporation rate for this engine
in daily service, and the rates attained do fairly represent the service
range. The average maximum rate for each of the two series of tests
was as follows:
Series I Series II
Without Syphons With Syphons
Actual Evaporation, lb. per hr ............... 41 956 40 872
Equivalent Evaporation, lb. per hr ........... 56 424 55 058
It is not likely that a locomotive of this type and size would be
worked at a higher rate than this, except for occasional and very
short periods. In attempting to predict from the test results what
gain would accrue from the use of syphons in the daily road operation
of such a locomotive, it must be borne in mind that the test results
at the four rates of evaporation are not equally significant, and that
the average performance on the road would not necessarily be the
same as the general average test performance; because in road service
some one or two rates of evaporation may preponderate over the
others. Under the modern striving for maximum ton-miles-per-hour
output, it is likely that such a locomotive would, on the road, operate
for longer periods at the higher rates of evaporation-the prevailing
rate depending, of course, upon the operating policy, the conditions
of traffic, and the road profile. If, under the conditions existing in a
given case, the third test rate should predominate, the average daily
gain in evaporation per pound of coal effected by the syphons would
be somewhat greater than the general average gain of 7.74 per cent
shown during the tests.
As will later appear from the discussion in Chapter VI and in
Appendix C, the syphon is especially advantageous during the period
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of building up the fire and attaining full steam pressure; and this
advantage repeats its influence after each stop of considerable length.
During the tests, however, the engine was run continuously and in
them, consequently, this advantage could make itself felt only once.
If, therefore, the conditions of road service are such as to entail fre-
quent stops of considerable duration, it may be expected that the
gains effected by the syphons at all rates of evaporation will be greater
than the gains shown during the tests.
16. Boiler Efficiency.-The values of boiler efficiency* attained
during each test, and also of the average efficiency for the three tests
run at each of the four evaporation rates, in each series, appear in the
last column of Table 4. The corresponding hourly rates of evapo-
ration are shown in the seventh column. These values are plotted in the
upper part of Fig. 9, where (as in Fig. 7) the circles represent the
efficiency values for individual tests, while the round spots represent,
for each of the four rates of evaporation, the average result at the
average hourly evaporation rate.
For convenience in comparing them, these average values are as-
sembled in Table 6, which shows, therefore, for each evaporation rate
in each series, the direct results of the tests. From column 4 of Table
6 it appears that without the syphons the average efficiency was 69.19,
70.76, 67.64, and 66.59 per cent at the respective evaporation rates;
whereas with the syphons the corresponding efficiency values are 77.62,
76.11, 74.11, and 69.93 per cent. At all rates of evaporation there-
fore the syphon-equipped boiler operated at higher efficiency, by
amounts which appear in column 5. When these amounts are ex-
pressed as percentages of the respective efficiency values attained
without the syphons, we find that the increase in efficiency due to
syphons is 12.18, 7.56, 9.57, and 5.02 per cent at the first, second,
third, and fourth rates of evaporation, respectively. These percentage
increases are shown in column 6.
If the quality of the coal. had been the same throughout, and if
in each group the rates of evaporation had been exactly the same in
both series of tests, we would expect-in view of the uniformity of
other test conditions-that these increases in efficiency would be nearly
the same as the increases in evaporation per pound of dry coal dis-
cussed at the beginning of this chapter. This, however, is not the
case. In order to facilitate comparison these percentage increases in
*Boiler efficiency here has its usual significance; namely, the ratio of the heat units
transmitted to the steam to the heat units in the coal fired.
TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS 35
TABLE 6
BOILER EFFICIENCY, BASED UPON THE AVERAGE DIRECT RESULTS OF THE TESTS
Equivalent Average
Evaporation Boiler
per Hour Efficiency
Pounds Per Cent
3 4
21 608 69.19
21 561 77.62
31 723 70.76
30 964 76.11
47 572 67.64
46 664 74.11
56 424 66.59
55 058 69.93
Difference
in Effi-
ciency
Per Cent
5
Percentage
Gain in
Efficiency
Due to
Syphons,
Based on
Series I
6
Percentage
Gain in
Evapora-
tion. Ad-justed
Values
from
Table 5
7
8.43 12.18 8.21
5.35 7.56 7.72
6.47 9.57 8.30
3.34 5.02 72
General Average Values forAll Four
Rates of Evaporation. 8.58 7.74
Average Heating Value of
the Dry Coal
B.t.u. per Pound
For Each Difference be-
Series tween Series
8 9
12 802 452 more
without
12 350 syphons
12 616 18 more
with
12 634 syphons
12 605 114 more
without
12 491 syphons
12 325 285 more
with
12 610 syphons
12 587 66 more
without
12 521 syphons
evaporation per pound of coal are repeated in column 7 of Table 6;
and, for the same purpose, the average heating value of the coal and
the differences in heating value for the two series of tests are pre-
sented in columns 8 and 9. Comparing columns 6 and 7, it is apparent
that the gain in efficiency and the gain in evaporation are not alike
at any of the evaporation rates; the most notable difference occur-
ring at the lowest rate, where the gain in efficiency is 12.18 per cent,
whereas the gain in evaporation per pound of coal is 8.21 per cent.
This difference is doubtless due in large measure to the difference
which existed, at this rate of evaporation, between the heating values
of the coal with and without syphons, and which amounts to 452
B.t.u. At this rate the syphon-equipped locomotive generated 8.21
per cent more steam per pound of dry coal than the non-syphon loco-
motive, notwithstanding the fact that the heating value of the coal
supplied to it was inferior by 452 B.t.u. Since in this instance the
evaporation rates for the two series are almost identical (21 608 and
21 561 pounds per hour), the influence of rate of evaporation upon
efficiency is obviously not responsible for the difference under dis-
cussion, and this difference must be attributed largely to the varia-
tion in quality of the coal. The inference is unescapable that had the
syphon-equipped locomotive not happened to be furnished, at the
ration
rvtio
ration
Rate
1
First
Second
Third
Fourth
All Rates
With or
Without
Syphons
2
Without
With
Without
With
Without
With
Without
With
Without
With
I
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lowest evaporation rate, with coal of somewhat inferior quality, its
gain in evaporation per pound of coal would have been, not 8.21 per
cent, but considerably more.
The differences between gain in efficiency and gain in evaporation
per pound of coal are not so great at the three higher rates of evapo-
ration as at the first rate; but they are all in the direction which would
be anticipated from the differences in heating value exhibited in
column 9 of Table 6. They are, no doubt, to be accounted for in
large measure by the variation in quality of the coal. Variations in
rate of evaporation, in themselves, however, influence efficiency; and
since at these three rates the evaporations per hour are not precisely
alike, it is impossible to say what share of the difference in gains
should be attributed to variations in the coal and what share to vari-
ations in rate of evaporation. In this connection it should be pointed
out that we have been comparing gains in efficiency based on the
direct average test results unadjusted for differences in rate of evapo-
ration, with gains in evaporation per pound of coal based upon values
of evaporation which have been adjusted to a common evaporation
rate.
17. Adjusted Values of Efficiency.-At each of the four nominal
test rates, the actual average evaporation per hour with the syphons
was a little less than the average evaporation without syphons-as
has already been pointed out in discussing the evaporation results.
The difference is not great, the maximum variation being only 1366
pounds per hour, in some 56 000 pounds-at the fourth rate. This
amounts to only- 2.4 per cent. Since in a locomotive the efficiency is
generally greater as the rate of evaporation decreases, the syphon-
equipped engine is at a slight advantage, as regards efficiency, be-
cause of the differences in evaporation rate just referred to; and
although this advantage is slight, it is nevertheless necessary to ad-
just the direct efficiency results of the tests to a common rate of evapo-
ration before they may be properly compared. This adjustment-
as in adjusting the evaporation results-can be accomplished only
by drawing among the plotted average values of efficiency in Fig. 9.
a curve for each test series which will represent the relation between
efficiency and rate of evaporation which exists among the test results.
In this instance, however, the drawing of these curves is not so simple
a matter as it was in Fig. 7. The four plotted averages for each series
shown in Fig. 9 are so related that it is impossible to draw through
them a curve of single curvature; and it is necessary therefore, in
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drawing the curve, to pass it as close as may be to the plotted average
values and still maintain the general curvature and trend which we
know such an efficiency curve must have. The curves shown in Fig.
9 are thus drawn. The curve for the tests without the syphons passes
directly through the points representing the average results at the
first and second rates; at the third rate the ordinate of the curve is
0.6 per cent greater than the test average, while at the fourth rate
the curve ordinate is 0.5 per cent less. The curve drawn for the tests
with the syphons misses all four of the plotted points, and its ordinates
differ from the average test results by - 0.6, + 0.8, - 0.9, and + 1.2
per cent, at the respective evaporation rates. These deviations are so
small that it is believed that the curves drawn in Fig. 9 represent at
least as truly the general relation actually existing in the two series
of tests between efficiency and rate of evaporation as would curves
of double curvature forced exactly through the plotted averages, but
whose shape would be at variance with common experience.
The curves shown in the upper part of Fig. 9 are accepted there-
fore as representing for these tests the relation between boiler effi-
ciency and the hourly rate of evaporation. They are reproduced and
brought together in the lower part of this figure in order that they
may be more easily compared. The comparison-as in the case of
evaporation per pound of coal-is made at four rates of evaporation;
namely, 21 585, 31 344, 47 118, and 55 741 pounds per hour. Each
of these rates is the mean between the actual average test values of
the corresponding hourly rates; they are represented in Fig. 9 by
the vertical lines a, b, c, and d. The values of efficiency defined by the
points at which the curves of Fig. 9 intersect these vertical lines apply
to a common rate of evaporation, and they are, consequently, strictly
comparable. These values are shown in the third and fourth columns
of Table 7, and they provide the basis upon which the superiority of
the syphon-equipped locomotive, as regards boiler efficiency, may be
fairly judged. At the lowest evaporation rate the efficiency values
with and without syphons are respectively 77.18 and 69.15 per cent,
and the difference in efficiency is 8.03. This difference constitutes
11.61 per cent of the efficiency without syphons, and this percentage
is therefore the gain in efficiency effected by the syphon at the first
rate of evaporation. The gains in efficiency for all four rates, thus
derived, are shown in the last column of Table 7.
If we use boiler efficiency as the criterion of performance of the
locomotive, the gains in heat transmission from the coal to the steam
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FIG. 9. CURVES OF BOILER EFFICIENCY, AT VARIOUS RATES OF EVAPORATION
To facilitate comparison, each of the two upper curves in this figure is duplicated in the
lower pair, which are plotted on a common system of coirdinates.
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TABLE 7
BOILER EFFICIENCY-VALUES ADJUSTED TO A COMMON EVAPORATION RATE
Boiler Efficiency-Adiusted Values Increase in Effi-
S______~___________ Difference in ciency Due to
Equivalent Efficiency Syphons
Evaporation Evaporation Series I Without Series II With between the Col. 5 X 100
Rate per Hour Syphons Syphons Two Series Col. 3 00
Pounds* Per Cent Per Cent Per Cent
1 2 3 4 5 6
First ............. 21 585 69.15 77.18 8.03 11.61
Second........... 31 344 70.78 76.71 5.93 8.38
Third............ 47 118 68.32 73.32 5.00 7.32
Fourth........... 55 741 66.23 70.58 4.35 6.57
General Average Increase in Efficiency, for All Four Rates................................ 8.47
*The figures in this column are the mean values of the actual test rates, defined by the lines a, b, c, and d in Fig. 9.
effected by the use of syphons in locomotive No. 1742 may be sum-
marized thus:
Rate of Increase in
Equivalent Evaporation Boiler Efficiency
per Hour Effected by the Syphons
First, 21 585 lb ............................................. 11.61 per cent
Second, 31 344 lb ............................................. 8.38 per cent
Third, 47 118 lb ............................................. 7.32 per cent
Fourth, 55 741 lb ............................................. 6.57 per cent
General Average Increase for All Four Rates..................... 8.47 per cent
These gains in efficiency, together with the gains at intermediate rates
derived from the curves of Fig. 9, have been plotted to define the
lower curve shown in Fig. 8, which shows the relation between gain
in efficiency and hourly rate of evaporation for the entire test range.
18. Boiler Efficiency as the Criterion of Performance.-Equivalent
evaporation per pound of dry coal, as has been stated, was chosen
by the Advisory Committee as the criterion of performance for these
tests; and it is a common practical standard for judging the relative
performance of boilers. Its use rests upon the implied assumption
that the heating value of the coal will be the same in all tests; which
is rarely the case. Boiler efficiency, since it takes into account any ex-
isting difference in heating value, is a better criterion; and the real
superiority of the thermic syphon, as a device for stimulating the
heat transmission in a locomotive boiler, is doubtless more truly re-
vealed by the gains in efficiency shown in Table 7 than by the gains
in evaporation per pound of coal shown in Table 5.
VI. SECONDARY RESULTS AND CONDITIONS OF BOILER PERFORMANCE
This chapter presents, for the 24 accepted tests, the secondary re-
sults of the boiler performance, such as degrees of superheat; and
such conditions of performance as steam pressure. For convenience of
reference most of the results are assembled in Table 8, in which are
given not only the average values for each test, but the average of
these average values for the three tests at like rates of evaporation
in each series. Each of the last two topics herein discussed has its
separate tabular presentation.
19. Steam Pressure and Quality.-The average values of boiler
pressure appear in column 10 of Table 8. For the two series of tests
they are as follows:
Rates of Evaporation................... First Second Third Fourth
Boiler Pressure-Series I................ 180.0 178.7 176.9 177.3
Boiler Pressure-Series II. .............. 183.0 182.1 181.9 180.3
The difference between Series I and II is about three pounds, except
at the third rate, where it is five pounds. The maximum variation
among the boiler pressures for the three tests of each group from
which the averages listed are derived is also about three pounds. Such
differences have little, if any, practical importance; and they have no
significance in judging the superiority of the syphon as a heat-trans-
mitting device, since the criteria for this comparison compensate for
such differences in pressure as do exist.
The quality of the steam is indicated by the values in column
13 of Table 8. It is substantially the same for both series; the range
in the general averages for the various rates of evaporation being
from 0.974 to 0.979. The range among the 24 individual tests is from
0.969 to 0.985.
20. Steam Temperatures and Superheat.-The values of steam
temperature and of the superheat in the steam, within the branch pipe,
appear in Table 8 in columns 14 and 16, respectively; while the values
of temperature and superheat* in the exhaust passage appear in col-
*While the terms "steam temperature" and "superheat" have definite meanings which are
generally understood, there is occasional confusion as to their meaning and use. It seems
worthwhile, therefore, here to state that "temperature of the steam" means its total temperature
in the superheated state; and that "superheat" or "degree of superheat" means that excess
of temperature acquired by saturated steam in passing through the superheater. The steam
in the branch pipe is superheated steam; and if from its temperature we deduct its super-
heat (or degrees of superheat), the remainder is the temperature which saturated steam would
have at branch-pipe pressure.
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FIG. 10. STEAM TEMPERATURES AND DEGREES OF SUPERHEAT IN THE
BRANCH PIPE AND IN THE EXHAUST PASSAGE
umns 15 and 17. These average values-for each rate of evaporation
and in each series of tests-are plotted in Fig. 10; and the curves there
drawn represent the relations between these quantities and evapora-
tion rate. The curves drawn in full lines show these relations for the
tests without syphons, while those drawn in broken lines apply to
tests with the syphons.
The steam temperature and superheat in the branch pipe, for the
two series of tests, may be.summarized as follows:
STEAM TEMPERATURE IN BRANCH PIPE-DEG. F.
Rates of Evaporation .................. First Second Third
Temperature Without Syphons .......... 558.2 575.9 610.0
Temperature With Syphons ............ 539.0 569.3 618.0
Degrees More Without Syphons.......... 19.2 6.6 .....
Degrees More With Syphons............ ..... ..... 8.0
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SUPERHEAT IN BRANCH PIPE-DEG. F.
Rates of Evaporation................... First Second Third Fourth
Superheat Without Syphons............. 180.5 200.3 236.8 261.0
Superheat With Syphons ............... 160.2 192.2 243.9 260.2
Degrees More Without Syphons.......... 20.3 8.1 ..... 0.8
Degrees More With Syphons............ ..... ..... 7.1 ....
The differences in steam temperature and in superheat are nearly the
same; which would follow, as a matter of course, from the similarity
of the boiler pressures in the two series of tests. At all rates of evapo-
ration except the third, the non-syphon locomotive produced higher
steam temperatures and higher superheat; whereas at the third rate
both these quantities were greater with the syphons. At the first rate
of evaporation the difference in superheat amounts to 20.3 degrees,
in favor of the non-syphon engine. At the three higher rates the differ-
ences in superheat are so much smaller as to have little practical
importance; they vary in such manner as to almost exactly offset one
another; and it is fair to say that at these three higher rates of evapo-
ration the superheat produced with and without syphons was sub-
stantially the same.
It should be pointed out that since superheat increases as the
rate of evaporation is increased, and since the rates of evaporation
are not precisely alike in the two series, the direct results of the tests
which have been compared in the preceding paragraph are not strictly
comparable; and in order to be so, would need to be adjusted as were
the evaporation and efficiency values presented in Chapter V. Such
adjustment, however, would amount to practically nothing at the first
rate of evaporation, where the actual hourly evaporations in the two
test series were almost identical; and at the three higher rates the
adjustments would be so small as to entail no change whatever in
the general conclusion drawn with respect to superheat.
21. Drafts.-The average draft values are presented in columns
18 to 24 of Table 8, and they are plotted in Fig. 11. The plotted aver-
ages in this figure are so related that the curves there drawn represent
with considerable accuracy the general relations between draft and
rate of evaporation for both series of tests. The variations in draft
with rate of evaporation are great enough to make it misleading to
compare the test averages directly, without adjusting them for differ-
ences in evaporation rate; and comparisons must therefore be based,
instead, upon the curves drawn in Fig. 11.
The draft in front of the diaphragm, at the lowest rate of evapo-
ration, is about 0.1 inch of water more with the syphons than without
them; and at the highest rate, about 0.2 inch more. These differences
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FIG. 11. DRAFT IN THE SMOKEBOX, FIREBOX, AND ASHPAN, AT
VARIOUS RATES OF EVAPORATION
constitute, respectively, approximately 4 per cent and 2 per cent of
the corresponding total draft values. In other words, in order to at-
tain with the syphon-equipped engine the same rates of evaporation
as with the non-syphon engine, it would have been necessary to main-
tain from two to four per cent more draft in front of the diaphragm-
probably because of the slight additional resistance offered by the
syphons to the flow of the gases. At all rates of evaporation the differ-
ence between draft in the firebox and draft in the ashpan was less
with the syphons than without them-by about 0.1 inch of water.
This, presumably, indicates that the firebed during the second series
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FIG. 12. GAS TEMPERATURES IN THE FIREBOX AND SMOKEBOX, AT
VARIOUS RATES OF EVAPORATION
of tests was, on the average, somewhat thinner or cleaner than during
the first series.
22. Temperature of the Gases.-The temperature of the gases was
measured at three points-two in the firebox and one in the smoke-
box-by means of thermocouples whose location is shown in Figs.
15, 16, and 17. The couple for measuring firebox temperatures below
the arch was located about a foot away from the right-hand side-
sheet, almost directly under the rear edge of the arch, 26 inches above
the grate about midway of its length, and 18 inches below and about
22 inches away from the lower rounded part of the right-hand syphon.
The couple for firebox temperatures above the arch was placed 12
inches behind the back tube-sheet, 26 inches below the crown-sheet,
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and 6 inches to the right of the boiler center line; with respect to the
right-hand syphon, this couple was, consequently, 12 inches ahead of
its front contour and 2 inches closer to the boiler center than the in-
ward face of the syphon. The thermocouple for measuring smoke-
box temperatures was placed below the table plate and a little behind
the deflector plate.
The gas temperatures are tabulated in the last three columns of
Table 8; and the average temperatures for each rate of evaporation,
both with and without syphons, are plotted in Fig. 12. The curves
drawn in Fig. 12 represent not only the general relations between
gas temperature and rate of evaporation; but, with the sole excep-
tion of the curve for firebox temperature below the arch, without
syphons, they represent accurately the actual average test results
-and even in this one instance the curve deviates from the test
results by amounts which do not exceed 2.8 per cent. Comparison
of the gas temperatures attained with and without syphons in both
firebox and front-end may therefore properly be made by means of
the curves of Fig. 12. Such comparison will be made at four rates of
evaporation, and the rates chosen are the means of the actual average
test values of equivalent evaporation, namely, 21 585, 31 344, 47 118,
and 55 741 pounds per hour. These are the rates used for comparing,
in Chapter V, the evaporation per pound of coal and the efficiency;
they are represented in Fig. 12 by the vertical lines a, b, c, and d.
23. Firebox Temperature Below the Arch.-The temperatures be-
low the arch are represented by the uppermost pair of curves in Fig.
12. They may be summarized thus:
GAS TEMPERATURES BELOW THE AECH-DEG. F.
Evaporation Rate-lb. per hr ............ 21 585 31 344 47 118 55 741
Temperature Without Syphons .......... 2 010 2 094 2 182 2 200
Temperature With Syphons ............. 1 790 1 820 1 973 2 097
Degrees Less With Syphons............. 220 274 209 103
The temperature with syphons was less at all rates of evaporation, by
amounts which vary, as indicated, from 103 to 274 degrees; consider-
ing all four rates, the general average difference is 202 degrees. These
differences, great as they are, are less than those prevailing above the
arch; but further comment on this is reserved until both temperatures
are discussed.
24. Firebox Temperature Above the Arch.-The temperatures
above the arch are represented by the lower pair of curves in the upper
part of Fig. 12. They may be summarized as follows:
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GAS TEMPERATURES ABOVE THE ARCH--DEG. F.
Evaporation Rate-lb. per hr............ 21 585 31 344 47 118 55 741
Temperature Without Syphons .......... 1 612 1 763 1 912 1 913
Temperature With Syphons............. 1 286 1 353 1 460 1 520
Degrees Less With Syphons. ............ 326 410 452 393
Above the arch the temperature of the gases was less with syphons than
without them at all four rates of evaporation, by amounts which vary
from 326 to 452 degrees. The minimum difference occurs at the lowest
rate and the maximum difference at the third rate. The general aver-
age decrease in temperature, for all four rates, is 395 degrees.
25. Discussion of Firebox Temperatures.-In any consideration of
the firebox temperatures, the location of the pyrometer thermocouples
should be borne in mind. In addition to what has already been said
in Section 22, it may be pointed out that the couple below the arch
was situated 26 inches above the grate; its distance from the top of
the firebed varied therefore from about 20 inches to about 8 inches
as the tests progressed and the fire grew in thickness. Crosswise of the
firebox this couple was about 22 inches from the nearer syphon leg
and 12 inches from the side-sheet; lengthwise of the firebox it was
approximately over the middle of the grate. Considering the right-
hand half of the firebox, this thermocouple was consequently roughly
midway between the arch and the fire and a little to the right of the
center of this space. The thermocouple used for measuring tempera-
tures above the arch was placed about halfway between the front
contour of the syphons and the rear tube-sheet-12 inches from each.
Between the two syphons there was a space 161/4 inches wide, bisected
by the central plane of the boiler; and this couple lay in the forward
continuation of this space, six inches off the boiler center line.
Following the customary practice in measuring furnace tempera-
tures, neither of these thermocouples was protected from radiant heat.
The temperature measured by them is consequently a composite of
the radiant heat received by the couple and the heat imparted to it
by convection from the gases making contact with the pyrometer
element; and there is the usual uncertainty as to how closely the
measured temperature represents the true temperature of the gases.
Notwithstanding this uncertainty the recorded temperatures, for the
sake of brevity, are referred to as "gas temperatures" throughout Sec-
tions 22 to 25-and also in Section 26 dealing with smokebox tempera-
tures, although here the uncertainty arising from the action of radiant
heat is not so great.
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The differences in firebox temperatures with and without syphons
presented in Sections 23 and 24 can be accounted for only in insig-
nificant degree by such variations in the conditions of combustion
as existed between the two series of tests. These differences are un-
doubtedly due almost entirely to the action of the syphons; great as
they are, they are easily credible when adequate consideration is given
to the large amount of heating surface added by the syphons, and
to the favorable position in which this additional firebox surface is
placed.
The firebox heating surface (including arch tubes) without the
syphons is 266.6 square feet and with them, 321.6 square feet-an
increase of 55 square feet or 20.6 per cent. With a firebed of average
depth, about 40 square feet of firebox heating surface in Engine 1742,
immediately bounding the firebed, is relatively ineffective; and if this
be excluded, the increase, with syphons, in really active heating sur-
face amounts to about 24 per cent. This additional heating surface is
ideally placed to absorb the radiant heat from the fuel bed and from
the arch; and it is likely also that it receives from the incandescent
gas traversing the center of the firebox radiant heat which, in the
plain firebox, might not be fully absorbed by the side-sheets. As far
as heat transfer by convection is concerned, the syphons are in an
equally favorable position; for the gases passing them probably have
a higher velocity than exists elsewhere within the firebox and the
turbulence of these gases is at least as great as anywhere else within
the boiler. In addition, the velocity of the mixture of water and
steam over the inner surfaces of the syphons is probably greater than
over any of the other heating surfaces. All these factors taken to-
gether seem sufficient to account for the great differences in firebox
temperatures in thd non-syphon and the syphon-equipped locomotive.
As indicated in Sections 23 and 24, the general average difference
in temperature below the arch was 202 degrees, whereas above the
arch it was 395 degrees. This two-fold increase in the relative ab-
sorption of heat is understandable when we recall that the pyrometer
element above the arch was placed beyond the syphons and that the
difference in temperatures here recorded is consequently a measure
of the full effect of the syphons, whereas below the arch the tempera-
ture is recorded at a point where the syphons have not yet exerted
their full effect.
26. Smokebox Temperatures.-The values of the temperature of
the gases in the smokebox are given for each test in the last column
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TABLE 9
THE RELATION BETWEEN BRANCH-PIPE AND SMOKEBOX TEMPERATURES
Without Syphons With Syphons
Equivalent Evaporation _____________________________________________
Mean of Test Averages, repre- Temperature Temperature Excess of Temperature Temperature, Excess of
sented in Fig. 12 by the lines of Steam in of Gases in Steam Temp. of Steam in of Gases in Steam Temp.
a, b, e, d Branch Smokebox Over Gas Branch Smokebox Over Gas
Pipe Temp. Pipe Temp.
lb. per hr. deg. deg. deg. deg. deg. deg.
1 2 3 4 5 6 7
Line a. 21 585.............. 558 505 53 539 488 51
Lineb. 31 344 .............. 575 527 48 573 527 46
Line . 47 118 .............. 608 561 47 618 575 43
Lined. 55 741 .............. . 631 580 51 632 594 38
of Table 8. The average values for each group of tests at like rates of
evaporation, in each series, are plotted in Fig. 12; and the curves
drawn in this figure represent the average test results with consider-
able accuracy. The spnokebox temperatures derived from these curves
may be summarized as follows:
GAS TEMPERATURES IN THE SMOKEBOX-DEG. F.
Evaporation Rate-lb. per hr ............ 21 585 31 344 47 118 55 741
Temperature Without Syphons.......... 505 527 561 580
Temperature With Syphons............. 488 527 575 594
Degrees More Without Syphons.......... 17 0
Degrees More With Syphons ............ ... 0 14 14
These smokebox temperatures, in themselves, require little comment.
They are normal and such as would be expected in a superheater loco-
motive under conditions of good combustion; as would be anticipated,
the temperatures rise gradually as the rate of evaporation (and of
combustion) increases. The differences between the temperatures with-
out and with syphons are so small as to be negligible.
One question, however, very naturally arises with respect to these
temperatures; namely, why is the gas temperature in the smokebox
practically the same in both series of tests, notwithstanding the fact
that in Series II, with the syphons, the gas enters the tubes and flues
at a temperature nearly 400 degrees lower, on the average, than during
the tests of Series I? The answer to this question involves considera-
tion of the steam temperature and the degrees of superheat existing in
the branch pipe; and these values,* although they have already been
*The values of steam temperature and superheat here used are derived from the curves
of Fig. 10, and apply to common mean rates of evaporation. They are so derived in order that
they may be more strictly compared with the smokebox temperatures, which are similarly ad-
justed to common evaporation rates. Because of this fact they differ slightly from the steam
temperature and superheat values presented earlier in this chapter, which are the direct test
averages, not so adjusted. The maximum difference, however, between corresponding values
is less than four degrees.
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presented, are for convenience repeated here-the superheat values,
immediately below; and the steam temperatures, in columns 2 and 5
of Table 9.
DEGREES OF SUPERHEAT IN THE BRANCH PIPE
Evaporation Rate-lb. per hr............ 21 585 31 344 47 118 55 741
Superheat Without Syphons. ............ 181 199 235 259
Superheat With Syphons............... 160 196 244 261
Difference in Superheat................ +21 +3 -9 -2
Had the superheat been much less with the syphons than without
them, that difference might have been made the basis of an answer
to the foregoing question. There is practically no difference in super-
heat, however, except at the lowest rate of evaporation. No explana-
tion of the similarity of smokebox temperatures can be built, therefore,
upon the superheat data.
The differences between branch-pipe temperature and smokebox
temperature do, however, provide the basis for an explanation. These
differences are shown in columns 4 and 7 of Table 9. It is to be ob-
served that both without and with syphons the temperature of the
steam in the branch pipe was greater, at all rates of evaporation, than
the temperatures of the gases under the table plate-by amounts which
vary from 38 to 53 degrees. This excess is substantially the same
without and with syphons. How much drop in gas temperature occurs
from the time the gases pass the superheater header and the forward
ends of the superheater units, until they reach the thermocouple which
measures the gas temperature under the table plate is not known. It
must be little and, what is more to the point, it must be the same
with and without syphons. Since the smokebox temperatures are alike
with and without syphons, it follows that the temperatures of the
gases as they passed the superheater header must also have been alike.
In view of the conditions here outlined it appears unreasonable to as-
sume that, either with or without syphons, the terminal temperature of
the gases could have been less than it was. It could not have been
much less without causing a reversal of the flow of heat-that is,
without compelling the superheated steam to give back part of its heat
to the gases as they passed the header. It might, of course, be argued
that because of the lower average gas temperature in the flues during
the syphon series, the terminal temperature must have been actually
lower and that there must have been just such a reversal of heat flow
at the header, which brought the gas temperature at that point up to
what it was in the non-syphon series; but such an hypothesis is nulli-
fied by the fact that as much superheat was produced with the syphons
as without them.
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This review of the facts seems to warrant the following inferences:
Apparently the superheater surface was sufficient to abstract from the
gases, during the tests with syphons, the amount of heat it was de-
signed to abstract, in spite of the fact that the average temperature
of the gases as they traversed the flues was less than during the tests
without syphons. In other words, the superheater took its required
amount of heat although the total heat available as the gases passed
through the body of the boiler was less. It would follow, of course,
that during the tests with syphons the heat transmitted to the water
surrounding the tubes and flues must have been less than during the
tests without syphons. If these views be accepted, it would seem that
the gains in heat transmission made by the syphons within the fire-
box must have been even greater than would be inferred by consider-
ing merely the overall gains in evaporation and efficiency discussed
in Chapter V-sufficiently greater to offset the decreased transmission
to the water in the body of the boiler.
27. Variations in Rate of Firing.-As was stated in Chapter IV,
a record was kept during each test of the time required to fire each
thousand-pound barrow-load of coal, in order to check the regularity
of the firing. During the first series of tests, without the syphons,
it was observed that for the first six or seven barrow-loads there was
a progressive increase in the time required to fire each half-ton-not
always a uniform increase, but one with an unmistakable general
trend. After these six or seven half-tons had been fired the firing
rate became more nearly uniform; that is, there was in its trend no
further general -increase or decrease. These facts are embodied in
Table 10, which shows for each test the time to fire successive half-
tons of coal. This table also shows the weight of coal fired before
the beginning of each test. The average firing times for each group
are shown also in Fig. 13, where, however, in order to make the
figure less confusing, the time to fire successive tons, instead of half-
tons, is plotted. The variation occurs at all four rates of evapora-
tion; and although the difference in minutes diminishes at the higher
rates, the differences, when expressed as a percentage of the more
uniform firing rate finally attained, are roughly alike at all four rates
of evaporation. This gradual increase in time to fire equal weights
of coal-which implies a gradual decrease in firing rate-occasioned
no surprise, nor was it regarded as altogether unusual.
Soon after beginning the tests of the second series, with the sy-
phons, it was remarked that there was in the beginning of these tests
TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS
I I
a
Pt
.0
Pt
C
cc
a aaaa
at-eta1.- aeccie.c
C aaaa
.0
*ccc ccc a a a
coca
.0
aaactO aaaa
-~ acca
~ aaaa
.0 aaaa
a aaaa
-~ -cat-a
a aaaa
a ~aaa
-s Otat
*aE"-c - o Oaa
aaCc a.-aa
f-Cat-- J ac-C
cocoa Otto-
t-ar'-t- a-aC
o a a a
Cc 00
00 a a
at-ca Caaa coCa
OaacccHOoCI coo a
acat- CaCO cat-c
'baa 000,-~ 0000
tcacc}acoal t- a cc
~k--OOIcO~O cact-
coca aaOa 0000
cc a eta coa C
Coca I t-t-~t-
cc a a >
r~ *r~
a a a>
-cc
.0
~cc
00 a >
.0
a a act
a a act
C a a a
a a a a
at- a a
C a a a
ccoa ~
-- a..
cc a a cc
f-a a a
tao cc,
I a a o~
'cci
a a a>
OSO=t Z I- - ~
aCCo
coca
coca
00CC
cc o a
Cat-c
0000
a cool
0000
0000
0 C - C
cc, Cc a
ccaC~
- a a..
cc a a>
ILLINOIS ENGINEERING EXPERIMENT STATION
Successivse Tons of Coa/
FIG. 13. TIME REQUIRED TO FIRE SUCCESSIVE TONS OF COAL, AT EACH
OF THE FOUR RATES OF EVAPORATION
also a variation in rate of firing (roughly equal in percentage to that
prevailing in Series I), but that it had the opposite sense; that is, the
time to fire the earlier half-tons, instead of increasing, grew less and
less until from four to six half-tons had been fired, after which the rate
of firing became approximately uniform. The specific facts are pre-
sented in Table 10 and Fig. 13. This difference in performance of
the syphon-equipped locomotive continued to show itself in each test
until the conclusion of the series, and it was ultimately accepted as
representing a difference inherent in the action of the syphons. In
considering this difference, it should be remembered that the fireman
was firing to maintain the steam pressure against an unvarying steam
demand and succeeded in maintaining nearly constant pressure; that
the fire was kept practically level from the beginning to the end of all
tests; and that, furthermore, these remarks apply with equal force to
the tests of both series.
Discussion of this difference in the performance of the syphon-
equipped engine brought out the question as to whether the differ-
ence was one which manifested itself only during the initial test period,
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TABLE 11
HEAT DISTRIBUTION
Series
Series I
Without
Syphons
Series II
With
Syphons
Evapo-
ration
Rate
First
Second
Third
Fourth
First
Second
Third
Test
Conditions
(Nominal)
Speed
R.P.M.
80
120
120
180
80
120
120
Foure 1U80
Cut-off
Per Cent
25
30
45
45
25
30
45
45
Boiler
Effi-
ciency
Per Cent
69.19
70.76
67.64
66.59
77.62
76.11
74.11
69.93
Loss of Heat (Per Cent) Due To:
Mois-
ture in
Coal
0.60
0.60
0.61
0.54
0.53
0.56
0.57
0.57
Mois-
ture in
Air
0.25
0.23
0.37
0.31
0.24
0.25
0.26
0.23
Hydro-
gen
Con-
tent
of
Coal
4.53
4.71
4.75
4.74
4.50
4.62
4.85
4.79
Sen-
sible
Heat
in Es-
caping
Gases
13.02
12.93
14.91
11.36
10.95
11.67
12.58
12.12
Ther-
mal
Value
of Es-
caping
Com-
bus-
tible
Gases
1.16
1.21
0.99
1.08
0.25
0.39
0.43
0.49
B.t. u.
in Cin-
ders
0.71
0.86
2.61
5.23
0.86
1.75
3.68
5.87
B.t.u.
in Ash
6.17
3.56
3.24
3.78
3.64
4.81
4.54
4.22
Radi-
ation
and
Unac-
count-
ed for
4.37
5.14
4.88
6.37
1.03
-0.16
-1.02
1.78
with a fresh fire, or whether if the engine were stopped for a consider-
able time during the progress of a test and then started, this varia-
tion in firing rate would again occur. In order to try to answer this
question a supplementary test--No. 2732-was planned and run after
the conclusion of the other tests. Appendix C presents the graphical
record for this test, an explanation of its meaning, and a summary
of the facts disclosed by it. It is sufficient here to state that this test
was run at the lowest rate of evaporation, that is at 80 r.p.m. and 25
per cent cut-off; and that the conditions of the test were like those of
the regular tests of Series II, except that the engine was twice stopped
and started after the original start. The gradual decrease in time
required to fire successive half-tons of coal occurred after these stops
and starts in the same way and in almost the same amount as during
the initial period of this and the regular tests; and the conclusion
drawn from the supplementary test is that this variation will manifest
itself whenever the syphon-equipped engine is started after a stop of
any considerable duration.
28. Distribution of the Heat.-Table 11 presents in the customary
form the data concerning the distribution of the heat contained in
the coal. The values there shown are the averages for each group of
tests at each rate of evaporation, in both series. Similar results for
the individual tests are given in the tables of Appendix D. The values
of boiler efficiency, or the percentages of the heat units in the coal
transmitted to the steam, are shown in the fifth column. These are
Loss of Heat (Per Cent) Due To:
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TABLE 12
CALORIFIC VALUES OF THE COAL, CINDERS, AND ASH
Heating Values, B. t. u. per Pound
Coal as
Fired
12 060
11 899
11 88711 715
Dry Coal
12 802
12 616
12 605
2 19 3
Cinders
7380
7416
8928
9762
11 721 12 350 6271
11 961 12 634 7734
11 828 12 491 9287
11 946 12 610 9800
the efficiency values already presented and discussed in Chapter V.
The succeeding columns of the table show the percentages of heat lost
through the various avenues of loss designated in the column headings.
Comparison of these losses may perhaps be more conveniently made
Test
Conditions
(Nominal)
Series
Series I
Without
Syphons
Series II
With
Syphons
Evapo-
ration
Rate
First
Second
Third
Fourth
First
Second
Third
Fourth
Speed
R.P.M.
80
120
120
180
Cut-off
Per Cent
25
30
45
45
25
30
45
45
Ash in Pan
4838
3379
3658
3905
2994
4448
4223
4357
Ash on Grate
5924
5061
4842
5734
3834
4400
3854
3861
o. # # dl I•fJ
I
11 715 12 325
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by means of the graphs presented in Fig. 14. The average heating
values of the coal, the ash, and the cinders are shown in Table 12,
which is here included for the light it may throw on the relations
existing between the various heat losses of Table 11.
VII. CYLINDER PERFORMANCE AND GENERAL PERFORMANCE
It is the purpose, in this chapter, to present the main test results
relating to the cylinder performance and to the performance of the
locomotive as a whole. As in all other parts of the body of the bulletin,
the results considered are those for the 24 accepted tests, during each
of which 20 000 pounds of coal were fired. The results of cylinder
and general performance likely to be of most interest are assembled
here in Table 13; other details are given in the tables in Appendix D.
In view of the facts that the thermic syphon can directly affect only
boiler performance and that its direct effects have been discussed in
the preceding chapters, it seems unnecessary to present here much
discussion of the results relating to general and cylinder performance,
which the syphon can influence only indirectly. The arrangement in
Table 13 permits their convenient comparison; but some of these re-
sults should be compared with caution, and with due consideration
of the fact that they may be affected by such differences in conditions
as existed in the two series of tests-differences, for example, in dura-
tion of the tests, in rate of evaporation, and in heating value of the
coal. The necessity of taking into consideration such differences in
conditions is well illustrated in the discussion of indicated horsepower
presented beyond.
29. Duration of the Tests.-The duration of the tests, as indicated
in column 11 of Table 13, was as follows:
Rates of Evaporation................... First Second Third Fourth
Duration Without Syphons-hrs ........ 7.961 5.472 3.483 2.850
Duration With Syphons-hrs........ . 8.700 6.061 3.872 3.128
Remembering that in all tests of both series 20 000 pounds of coal
were fired, these duration records, taken at their face value, provide
a rough practical indication of the superiority of the syphon-equipped
engine. The duration values with syphons, however, need to be a
little discounted at all rates of evaporation; because the syphon-
equipped locomotive, while it took longer to burn ten tons of coal,
was producing at each rate a little less steam per hour. If the dura-
tion values were discounted on this basis, they would nevertheless
remain greater at all rates.
30. Indicated Horsepower.-The values of average indicated horse-
power developed during each group of three tests with the non-syphon
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TABLE 14
INDICATED HORSEPOWER AND WORK DONE IN THE CYLINDERS
Without Syphons With Syphons
Total Work Total Work
Indicated Duration of Performed Indicated Duration of Performed
Rate of Horsepower the Tests During the Horsepower the Tests During the
Evaporation Developed Tests Developed Tests
Millions of Millions of
Hours Foot-pounds Hours Foot-pounds
1 2 3 4 5 6 7
First ............ 911.9 7.961 14 374 892.3 8.700 15 371
Second.......... 1432.2 5.472 15 517 1369.0 6.061 16 429
Third............ 1950.5 3.483 13 451 1937.0 3.872 14 850
Fourth.......... 2254.1 2.850 12 720 2195.6 3.128 13 598
engine at like rates of evaporation are shown in column 2 of Table 14;
and during tests with the syphon-equipped engine in column 5. It is
to be noted that the values there shown are less with syphons at all
four rates of evaporation. In view of the fact that the pressures,
the speeds, and the cut-offs are almost exactly alike in both series of
tests, these horsepower values, superficially considered, may seem
either inherently incorrect or inconsistent with the conclusions reached
in Chapter V as to the gains effected by the syphons. They are,
however, neither the one nor the other, and the apparent inconsistency
disappears if we take into consideration two differences in the condi-
tions prevailing in the two series of tests, namely, the differences in
duration and in the weight of steam generated per hour. The duration
values are repeated in columns 3 and 6 of Table 14; they are con-
siderably greater, at all four rates, for the tests with syphons. The
steam generated per hour, on the other hand, was somewhat less with
the syphons at all four rates-the deficiencies being, respectively, 0.22,
2.39, 1.91, and 2.42 per cent at the first, second, third, and fourth
rates. As has been indicated in Chapter VI, had the draft in the
syphon-equipped engine been greater by from 4 to 2 per cent it would
have generated, at all rates, substantially the same weight of steam per
hour as the non-syphon engine; but there would have remained differ-
ences in test duration similar to those exhibited in Table 14-not as
great, but certainly not much less. With evaporation thus equalized
we should have, at each rate, the same horsepower as with the non-
syphon locomotive, but maintained for a longer period. Such adjusted
values of power and duration would enable us to make a just com-
parison of the work performed in the cylinder in both series of tests.
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It is not possible, however, to find the adjustments in duration entailed
by equalizing the evaporation and power values, without basing such
adjustments on the gains in evaporation with syphons discussed in
Chapter V. But, since the purpose of the present discussion is to prove
that the relation between indicated horsepower values is not incon-
sistent with the gains in evaporation, it would be illogical to resort
to a correction process based on these gains themselves. We must
therefore accept without adjustment the direct test averages for horse-
power and duration, and try to see how far the excess in duration of
the tests with syphons offsets their deficiency in horsepower.
This purpose may be attained by using the direct horsepower and
duration results to calculate the total work performed in the cylinders.
Considering the first evaporation rate, the average total work per-
formed in the cylinders, without syphons, was 911.9 X 33 000 X
7.961 X 60 = 14 374 087 000 foot-pounds;* whereas for the tests
with syphons the work performed in the cylinders was 892.3 X 33 000
X 8.700 X 60 = 15 370 740 000 foot-pounds. These values of cylin-
der work are given in columns 4 and 7 of Table 14, together with the
values at the three other rates of evaporation, similarly derived.
Comparison of these values shows that the total work performed-
for an expenditure of 20 000 pounds of coal-was greater at all rates
of evaporation with the syphon-equipped locomotive. This showing,
which is based directly upon the indicated horsepower values, is in
entire agreement with the conclusions with respect to the superiority
of the syphon-equipped locomotive based upon the record of evapo-
ration per pound of coal or of boiler efficiency. The increases in cylin-
der work performed with the syphons, when expressed as percent-
ages of the work done without them, are of the same general order
of magnitude as the gains in evaporation; although there is no precise
equivalence. Precise agreement, however, is not to be expected, in
view of the various slight differences existing between the two series
of tests-differences in such quantities as steam pressure, steam tem-
perature, superheat, and cut-off.
31. Steam Consumption.-The steam consumed per indicated
horsepower per hour varies with both speed and cut-off; and usually
the record of steam consumption for a locomotive is presented as a
series of curves showing its variation with respect to both these fac-
tors. In these tests, however, only three speeds and three cut-offs
were used, and their various combinations do not yield enough points
*Since one horsepower equals 33 000 foot-pounds per minute; and the test duration, in
minutes, equals duration in hours x 60.
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TABLE 15
STEAM CONSUMED PER INDICATED HORSEPOWER HOUR
Rates of Evaporation................................. First Second Third Fourth
Steam Used, Without Syphons-lb.... ................. 18.11 16.86 18.43 18.59
Steam Used, With Syphons--Ib.... ................... 18.74 17.30 18.02 18.64
Speed, Without Syphons-r.p.m ........................ 80.0 120.2 119.9 180.1Speed, With Syphons-r.pn.... ................ 80.0 120.0 120.1 180.0
ut-off, Without Syphons-per cent.................... 24.8 31 .3 46.6 48.0Cut-off, With Syphons-per cent ....................... 24.3 30.1 47.1 46.2
to define curves of steam consumption. All that can be done, therefore,
to summarize the record, is to assemble, as in Table 15, the average
values of steam consumed per indicated horsepower hour, of speed
and of cut-off from Table 13-from columns 17, 7, and 10, respectively.
32. Efficiency.-Column 21 of Table 13 gives the average values
of general or "overall" efficiency attained during the tests; that is, the
percentage of the number of heat units contained in the coal which,
during the tests, was converted into useful work at the engine drawbar.
These values are as follows:
EFFICIENCY OF THE LOCOMOTIVE-PER CENT
Rates of Evaporation................. First Second Third Fourth
Efficiency Without Syphons............. 5.72 6.63 6.17 5.71
Efficiency With Syphons ................ 6.38 7.05 7.09 5.89
APPENDIX A
THE LOCOMOTIVE
As has been stated in Chapter II, the locomotive used for the tests
was Illinois Central Railroad locomotive No. 1742, of the 2-8-2 type,
built in 1915 by the Lima Locomotive Works, and bearing the build-
er's serial number 5046. Its general design is shown in Fig. 1 in that
chapter, and in Figs. 15, 16, and 17 in this appendix. The boiler, the
superheater, the front-end, and the auxiliary equipment have all been
adequately described in Chapter II. The boiler construction and di-
mensions are shown in Figs. 18 and 19. The syphons also have been
described in Chapter II and are shown in Figs. 2, 3, and 4.
Other details of the 'locomotive design are given in the following
list which embodies all the information demanded by the American
Society of Mechanical Engineers' Test Code for Locomotives; and
the numbers affixed to the various items of the list are the numbers
used in that code.
(9) Rated tractive force (m.e.p. = 0.85 b.p.), lb .................... 58 588
(10) Driving wheels, number of pairs ............................... 4
(11) Driving wheels, nominal diameter, in .. ................ . ..... 63
(12) Driving wheels, average circum., measured, ft. .................. 15.761
(13) Driving wheels, average diam., measured, in .................... 60.203
(14) Engine truck wheels, number of pairs .......................... 1
(15) Engine truck wheels, diameter, in .. ........................... . 30
(16) Trailing wheels, number of pairs ... ........................... 1
(17) Trailing wheels, diameter, in.................................. 45
(18) Wheelbase, driving, ft........................................ 16.5
(19) Wheelbase, total, ft............. ........................... 35.166
(20) Gauge of wheels, in.......................................... 56.5
(21) Total weight of locomotive, with water at second gauge cock and
average fire, lb .......................................... 282 700
(22) Weight on leading truck, lb.................................. . 26 300
(23) Weight on drivers, lb...................................... 218 300
(24) Weight on trailing truck, lb ................................ 38 100
(25) Weight of tender, loaded, lb................................... 167 500
(26) Capacity of tender, coal, tons................................. 15
(27) Capacity of tender, water, gal................................ 9000
(28) Boiler, type.................................. Straight top, radial stay
(29) First ring, outside diameter, in................................ 82
(30) Tubes, number.............................................. 262
(31) Tubes, outside diameter, in ................................... 2
(32) Tubes, thickness................................. 0.134 in., No. 10 gauge
(33) Superheater flues, number ............................... ... 36
(34) Superheater flues, outside diameter, in .......................... 5
(35) Superheater flues, thickness......................... 0.148 in., No. 9 gauge
(36) Length between tube sheets, ft.-in ............................ 20-4Y%
(37) Fire area of tubes and flues (combined internal cross-section), sq. ft. 7.585
(38) Arch tubes, number ......................................... 4
(39) Arch tubes, outside diameter, in ............................... 3
(40) Arch tubes, thickness ............................... 0.180 in., No. 7 gauge
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(41) Arch tubes, length, in...................................... 120.5
(42) Firebox, length (at grate), in ............................... 120%
(43) Firebox, width, in .......................................... 84
(44) Firebox, depth (perpendicular above grate),
at the front, in .............................................. 781
at the back, in............................................... 66
(45) Firebox, volume-without syphons, cu. ft...................... 346.0
with syphons, cu. ft ........................ 336.0
(46) Fire doors, number ............................... ........ 1
(47) Firedoor openings, area, sq. ft.............................. .. 1.69
(48) Fire doors, hand or power operation.......................... power
(49) Water space in boiler below second gauge cock, cu. ft............. 776.41
(50) Steam space in boiler above second gauge cock, cu. ft............. 167.81
(51) Grate, area, sq. ft......................................... 70.364
(52) Grate, width, in............................................. 84
(53) Grate, length, in.......................................... 120%
(54) Grate, style of ... . .. . . . . ........................ .Rocking finger
(55) Air inlets to firebox, total area, sq. ft......................... 27.58
(56) Air inlets through grate, sq. ft .............................. 25.89
(57) Air inlets above fuel bed (fire door only), sq. ft.................. 1.69
(58) Ratio of air inlets through grate to grate area, per cent........... 36.8
(59) Ratio of total air inlets to grate area, per cent................... 39.2
(60) Area of air inlets to ashpan, sq. ft............................. . 11.0
(61) Ratio of ashpan air inlets to area of tube and flue openings, per cent 145.1
(62) Superheater, type .......................................... A
(63) Superheater elements, number .. ............................. 36
(64) Superheater elements, average length in flue, ft.-in............... 17-8
(65) Superheater tubes, outside diameter, in......................... 1%
(66) Superheater tubes, thickness, in........................ .... . . 0.150
(67) Brick arch................... ......... .............. "Security"
(68) Feedwater heater . . . .................................... None
(69) Stoker................................................... None
(70) Reverse gear................................. . . (pneumatic), Ragonnet
(71) Air compressor........................Two N.Y.A.B. Co. cross-compound
(72) Electric generator........................................ Buda-Ross
(73) Grate shaker............................................... H and lever
(74) Injectors..................... Simplex: right side, No. 11; left side, No. 10
(75) Safety valves................ Two 3/ 2 -inch, muffled and one 31/-inch, open(76) Thermic syphons:
During tests 2700 to 2714, inclusive......................... None
During tests 2715 to 2732, inclusive......................... Two
(77) Circulating plates ......................................... None
(78) Booster engines........................................... None
Heating surface-based upon the inside of firebox; and the fireside of tubes,
flues, superheater, arch tubes, and syphons, sq. ft.:
Without With
Syphons Syphons
(79) Total ............................................ . 4742.2 4797.2
(80) Of the tubes and flues.............................. 3401.2 3401.2
(81) Of the firebox, including syphons. .................... 235.0 305.8
(82) Of the superheater............................... 1074.4 1074.4
(83) Of the arch tubes ................................ 31.6 15.8
(83a) Total water-evaporating surface ..................... 3667.8 3722.8
(84) Exhaust nozzle, type................ Round, with %-inch knife-edge bridge
(85) Exhaust nozzle dimensions ............ 6 -in. diameter, with Y-inch bridge
(86) Exhaust nozzle area, -net, sq. in............................. 28.34
Right Left
Side Side
(87) Cylinder diameter, in............................... 27.078 27.078
(88) Piston stroke, in................................. 30.00 30.00
(89) Piston-rod diameter, in............................. 4.000 4.531
(90) Tail-rod diameter ................................ None None
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(91) Clearance, head end, per cent ....................... 8.70 8.70
(92) Clearance, crank end, per cent....................... 8.87 8.90
(93) Valves, type ........ ........................................ Piston
(94) Steam ports, area, sq. in.. ............................. 52.01
(95) Valve travel, maximum, in................................. 6.0
(96) Steam lap, in... ........................................ 1.25
(97) Exhaust clearance, in....................................... 0.125
(98) Valve motion, type......................................... Walschaerts
Without With
Syphons Syphons
(99) Ratio of total heating surface to grate area ............ 67.40 68.18
(100) Ratio of fire area through tubes and flues to grate area.. 0.108 0.108
(101) Ratio of firebox heating surface to grate area........... 3.79 4.57
(102) Ratio of tube and flue surface to firebox heating surface.. 12.76 10.58
(103) Ratio of firebox volume to grate area.................. 4.92 4.78
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FIG. 17. ENGINE No. 1742-REAR
ELEVATION AND SECTION
0peea' mnacoror on /r c. r1n1
FIG. 16. ENGINE No. 1742-FRONT
ELEVATION AND SECTION
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FIG. 19. THE BOILER OF ENGINE No. 1742-CRoss-SECTIONS AT THE FIREBOX
APPENDIX B
TEST PROCEDURE AND METHODS
The purpose of this section is to supplement Chapter IV, in which
the general test conditions, the firing methods, methods of starting
and stopping tests, the delivery of the feedwater, the weighing of the
fuel and water, and the control of cut-off and speed are fully presented.
It deals with further details of test procedure and equipment.
1. The Laboratory.-The laboratory has been described fully in
several publications: Bulletin 82 of the University of Illinois Engi-
neering Experiment Station; Proceedings of the American Railway
Master Mechanics' Association, Volume 46, 1913; Proceedings of the
Western Railway Club for March, 1913. An interior view of the
plant, with a locomotive mounted and ready for testing, is shown in
Fig. 6 in Chapter IV. Since its establishment, additional supporting
wheels, bearings and absorption brakes have been added to the labo-
ratory equipment, and many minor improvements have been made in
the details, but no changes have been made which affect the princi-
ples of operation of the major equipment. It seems necessary there-
fore to present here only a brief description of the cinder separator.
The exhaust steam, hot gases and entrained solid matter, received
from the locomotive stack in an overhead duct, are discharged, by
means of a blower, tangentially into a brick-lined separator chamber
18 feet in diameter and 36 feet high, surmounted by a 45-foot chim-
ney. An extension of the chimney, 8% feet in diameter, reaches down-
ward into the separator, the bottom of this extension reaching below
the bottom of -the breeching through which the gas mixture is re-
ceived. The lower portion of the separator chamber is an inverted
cone. Solid matter, as a result of the downward and whirling motions
imparted to the smoke stream, drops to the bottom of the cone, where
a trap permits its removal. The gaseous portion flows downward and
around- the lower edges of the chimney extension and is thence dis-
charged. This separator has been found fully effective, there being no
discharge of solid matter from the top of the chimney.
2. Cleaning and Inspection.-The boiler of the locomotive was
washed out before the tests began, and it was given a thorough clean-
ing after the syphons were installed. It was washed out twice during
the first series of tests, and it was blown down, drained, and refilled
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six times in addition. During the second series it was blown down,
drained, and refilled ten times. The tubes and flues were cleaned and
the front-end was opened and cleaned after every test. The ma-
chinery of the locomotive was under almost continuous inspection, and
the lubrication 'of all parts was carefully watched. After preliminary
runs (which are not included among the tests discussed in this bulle-
tin) minor adjustments were made in the valve gear to equalize the
cut-off; and at various stages of the regular tests minor work was
done on the piston-rod packing, grease cellars, rod-stub wedges, and
similar parts. Between the two series of tests the locomotive received
the regular monthly government inspection and was found in good
condition.
3. Calibrations and Observation Interval.-All instruments used
in the tests were calibrated before the beginning of the first series,
again between the first and second series, and at the close of the second
series. Many instruments received intermediate calibrations as well.
During the tests, readings of all non-recording instruments were taken
at ten-minute intervals. Indicator cards were taken at the same time;
but in the long tests, if it was found that the cards were uniform (as
they invariably were) the number of sets of four cards worked up
was reduced to eighteen or twenty.
4. Sampling and Analysis of the Coal, Ash, and Cinders.-In view
of the fact that the coal all came from the same portion of the same
mine, and because of the similarity of the methods by which all por-
tions of the consignment were handled, the method of sampling for
chemical analysis specified in the A.S.M.E. Code was somewhat sim-
plified. The process actually used was as follows: During the filling
of each barrow of coal to be used in the tests, three shovelfuls from
different portions of the pile, which would normally have gone into the
barrow, were placed in sample cans. During the firing of twenty bar-
rows of coal a sample weighing about one thousand pounds was thus
obtained. This thousand-pound sample was emptied on a clean metal
plate and crushed with tamps to about a two-inch maximum dimen-
sion; it was then mixed, coned, and quartered three times, reducing
the sample to about 120 pounds. This reduced sample was then
further crushed on the plate by tamping to quarter-inch lumps, and
twice mixed, coned and quartered, leaving thirty pounds. The thirty-
pound remainder was crushed to coarse dust in a ball mill, and emptied
on a clean piece of canvas; here it was finally mixed by rolling in the
canvas and quartered down to a two-pound analysis sample.
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The ash from the test is divided into two parts: that accumulating
in the ashpan, and that remaining on the grate at the close of the
test. After the conclusion of a test the "pan ash" was removed first,
and the pan and the floor beneath were left clean. The grate was
then shaken with the ashpan hopper doors open, and the grate ash was
quenched. Each lot of ash was weighed and sampled, the sampling
process being as follows: From each barrow of ash from three to five
shovelfuls were removed and placed in a sample can, in this way
obtaining samples of a gross weight of 200 to 250 pounds, representing
all portions of the contents of the ashpan or grate. In a few cases
the total ash in the pan was so little that the entire amount was used
as a sample. The gross samples (two for each test-grate ash and
pan ash) were dumped on clean concrete pavement, and any large
lumps were broken down to about a two-inch maximum dimension.
The sample was then mixed by shovelling, and coned and quartered
down to about a twenty-five pound sample. This remainder was spread
on the pavement, crushed to pea-size, mixed, and quartered down to
a quart-jar analysis sample, weighing about one and one-half pounds.
The sampling of cinders consisted merely of taking several small
scoops from each wheel-barrow load that came from the separator,
making a quart-jar sample. The cinders were perfectly homogeneous
as far as could be seen, but by the method used a representation of
all periods of the test was secured.
The chemical analyses of the coal, ash, and cinder samples were
made by the University Applied Testing Bureau, under the direc-
tion of Mr. J. M. Lindgren, Technical Analyst. The methods of
analysis used were those prescribed by the American Society for
Testing Materials.
5. Determination of Total Ash per Test.-Aiming at equality in
the amount of combustible on the grate at both ends of a test, the
A.S.M.E. Code implies that in so far as may be practicable the fire
depth should be the same at the end as at the beginning. In these
tests, although this goal was kept in view, it proved impracticable to
maintain the same fire depth; attempts to do so entailed so much
shaking of the grates as to throw considerable amounts of unburned
coal into the ashpan and to seriously impair the condition of the
fire. The firebed consequently had to be allowed to grow in thick-
ness during all tests. The material remaining on the grate at the end
of the test (which has been referred to in preceding paragraphs as
"grate ash") comprised, therefore, not only live fire, but the accumu-
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lation of ash which, had it been feasible to do so, would have been
shaken into the ashpan during the progress of the test; and this ash
contained presumably the same percentage of carbon as the ash ac-
tually shaken into the pan. In view of these facts the total weight
of ash produced during each test has been taken as the sum of the
weights of "pan ash" and "grate ash" found at the end of the test,
diminished by the weight of the live fire remaining on the grate at
the end. In order to determine this weight of live fire, it has been
assumed that the weight of live fire at the end was equal to the weight
of fire at the beginning, and its weight has been calculated from the
observed depth and the estimated density of the fire at the beginning.
To find the heating value remaining in the total ash per test thus
derived, its weight has been multiplied by the heating value per pound
found by analysis of the pan ash.
6. Sampling and Analysis of the Flue Gas.-Flue gas samples were
taken every hour, the period during which the sample was drawn
lasting from twenty to twenty-five minutes. The samples were col-
lected over mercury and stored thus if necessary; but in general the
samples were analyzed as soon as taken. For the determination of
the percentages of the principal constituents of the flue gas a stand-
ard Orsat apparatus was used, the burette being graduated to 0.2 cc.
The Orsat results should be correct to about one tenth of one per
cent. The University Applied Testing Bureau analyzed, for each test,
a sample which had passed through the Orsat apparatus, and uni-
formly reported that no quantity of hydrogen or methane that could
be measured remained. This analysis (by the slow-combustion
method) also demonstrated that all carbon monoxide had been re-
moved in the Orsat analysis.
7. Screen Analysis of the Coal.-A screen analysis was made cor-
responding to each carload of coal used in the tests; and an additional
analysis was made to correspond with a part of a carload which had
been transferred to another car, and considerably broken up in the
process of transfer. For the screen analysis three box screens were
used: these consisted of metal boxes fitting together, each box having,
in its bottom, round holes of the diameter used to specify the size of
the screen. The coal was thus divided into four size-components, and
the work was done with sufficient care so that the total of the four
components checked the total weight of the sample within one pound.
The sample for screen analysis was a thousand-pound barrow of coal
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loaded in the expectation that it was to be fired as test coal. This
barrow of coal was in every case inspected by the representatives of
the co6perating companies and the University, and agreed upon as,
in their judgment, fairly representative of the carload.
8. Temperature Measurements.-Gas temperatures were taken in
the firebox below and above the arch, and in the front-end below the
table-plate. In the firebox platinum - platinum-rhodium thermo-
couples were used, and the front-end couple was of iron-constantan.
Firebox temperatures were read on a Leeds & Northrup two-point re-
cording pyrometer, except for the above-the-arch temperatures in
the second series, where the readings were mostly below the range of
the pyrometer; such readings were taken on a portable potentiometer.
The front-end temperatures were read on a Leeds & Northrup single-
point recording pyrometer. The firebox thermocouples were cali-
brated by comparison with standard pyrometers in the University
heat-treatment laboratory, the calibrations being made with the lead
wires attached. The front-end pyrometer was calibrated in a hot
oil-bath against a standard thermometer. Steam temperatures were
measured in the steam pipe and exhaust passage on the right side of
the engine by iron-constantan thermocouples, calibrated in the same
manner as the front-end thermocouple; and these temperatures were
recorded on the chart of a Leeds & Northrup two-point recording py-
rometer.
9. Measurements of Steam Pressure and Quality.-Steam pres-
sures were read on the back head of the boiler, in the steam pipe lead-
ing to the right cylinder, in the exhaust passage from this cylinder, and
in the right steam chest. On the back head and on an adjacent gauge
board were located three steam gauges: the regular locomotive gauge
(an eight-inch gauge with five-pound graduations), a standard test-
gauge ten inches in diameter and graduated to one pound, and an
eight-inch recording gauge. The pressure in the steam pipe was read
from a six-inch gauge which had five-pound graduation and a throt-
tling connection to reduce the variation in pressure resulting from the
cylinder action. The exhaust pressure was indicated by a similar
five-inch gauge, also throttled, in the third rate and high rate tests;
but in the tests at the two lower rates exhaust pressures were read
from a mercury manometer. Every pressure gauge received at least
four calibrations and adjustments during the course of the tests. The
steam pressure in the valve chamber was recorded at intervals on the
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right-side head-end indicator cards. To determine the quality of the
steam a throttling calorimeter was employed. This instrument had an
opening of 0.04 inch diameter, and discharged about 12 pounds of
steam per hour. This amount, being an insignificant proportion of the
total, was ignored in the steam calculations involving it.
10. Draft Measurements.-Drafts were measured in the front-end,
both in front of and behind the diaphragm, at three points in the fire-
box, and in the ashpan directly below the grate. For the front-end
readings Ellison vertical gauges with extended scales were used, ordi-
nary U-tube check gauges being connected in parallel. For the A and
C readings in the firebox (see Fig. 15) ordinary water manometers
were used; for the B reading and for the ashpan reading Ellison differ-
ential gauges were used.
11. Speed Measurements.-The approximate speed of the loco-
motive in revolutions per minute was indicated by an electric ta-
chometer-a small generator connected directly to the right back
crank pin indicating the voltage developed on a meter graduated to
read directly in revolutions per minute. This device was chiefly for
the guidance of the operator who controlled the speed by varying
the brake load. For accurate indications of speed a revolution counter,
actuated by the reducing motion on the right side of the locomotive,
was read exactly on each observation signal; and speed adjustment
was made to correspond with the number of revolutions made since
the last reading, the operator responsible for speed adjustment being
informed after each reading as to the excess or deficiency during the
preceding interval.
12. Indicated Horsepower Measurements.-Four indicators were
used throughout the tests. On the right side in all tests a pair of
Crosby outside-spring indicators were used. On the left side through
part of the tests a pair of identical indicators were used; and during
the remainder a pair of integrating Maihak indicators were employed.
Calibrated 100-pound springs were used throughout. The reducing
motion, which gave a card three inches long, was of the double-
slotted lever type, operated by an arm extending downward from the
crosshead.
APPENDIX C
SUPPLEMENTARY TEST No. 2732
In Chapter VI it was pointed out that during the tests with the
syphon-equipped locomotive there was, at the beginning of each test,
a gradual decrease in the time required to fire successive half-tons of
coal; that is, there was during the firing of the first four or five thou-
sand-pound barrowloads, while the fire thickness was probably build-
ing up faster than it did later in the run, a gradual increase in the rate
of firing. The purpose of supplementary test No. 2732, which is dis-
cussed in this appendix, was to determine whether this increase in
firing rate manifests itself only at the beginning of a run, or whether,
if the locomotive were stopped and started later in the test, it would
again show itself.
Test No. 2732 was accordingly so planned that the engine would be
twice stopped and started after the original start, the interval be-
tween stops being long enough for the firing rate to go through this
period of increase and then settle down to a practically uniform rate
as it did during the regular tests. The general procedure for the test
is outlined in paragraphs (A) to (F), which follow.
(A) The preparations for the test were in every respect like those
for the regular tests at the lowest rate of evaporation; the starting pro-
cedure was also the same.
(B) After five barrowloads (5000 lb.) of coal had been fired, the
test was stopped in the usual way; that is, when, after the last shovel-
ful of this coal had been fired, the boiler pressure began to fall, this
portion of the run was declared ended, and the engine was stopped.
(C) Upon stopping the engine, the injector was shut off and the
fire door opened. Conditions remained thus for about thirty minutes
during which, in each of the two stops, the grates were once shaken.
(D) The locomotive was then started again, and the fireman
began building up the fire in preparation for the second running period
of the test. The preparatory operations were the same as those for the
original start.; that is, the engine was run long enough to attain the
desired operating conditions (of load, speed, etc.), and then kept run-
ning under these conditions for an additional fifteen-minute or twenty-
minute period before the second running portion of the test was
started.
(E) After the second running portion of the test was started, five
barrowloads of coal were again fired, as in the first portion; the engine
TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS
TABLE 16
THE VARIOUS PERIODS OF SUPPLEMENTARY TEST No. 2732
Period of the Test
Firing Up... ................... .......................
Preliminary Running Before Original Start......................
FIRST RUNNING PERIOD ......................................
F irst Stop ................ ...... ............................
Preliminary Running Before Second Start.......................
SECOND RUNNING PERIOD.....................................
Second Stop ................... ......................... .
Preliminary Running Before Third Start........................
TIRan RIRNNTNn PEROnn
Duration of Period
Limits Minutes
6:00- 8:20 140
8:20- 9:00 40
9:00-11:20 140
11:20-11:51 31
11:51-12:20 29
12:20- 2:38 1 138
2:38- 3:04 26
3:04- 3:35 31
.:R.3- 5.:3 192
was then stopped and handled as explained in paragraphs (B) and
(C), and finally started once more, as in (D).
(F) After firing, in the last running period of the test, four bar-
rowloads of coal, it was seen that the test had served its purpose and
it was finally discontinued-the final stop being made as explained
in (B).
The left injector was continuously in operation during the running
periods, and shut off during the stops. During stops the right injector
was used as required, to make up the losses through the safety valves
and the blower. The shaking of the grates was left to the judgment
of the fireman. In general, the fire was handled during the stops about
as it would ordinarily be handled during a half-hour stop on the road.
Throughout the tests the usual records of weights and times were kept
-for each tank of water and each barrowload or partial load of coal.
In addition, the time of each firing and the number of scoopfuls of
coal fired were observed and recorded on a chronograph. The duration
of the various periods of this test and the amount of coal fired in
each period are shown in Table 16.
.A complete graphical record for this test is presented in Fig. 20. In
this figure the fine vertical lines denote each 10 minutes from 8:20
A.M., when the engine was started, until 5:40 P.M., after the final
stop. Beginning at the top of the figure the ten records are, in suc-
cession, as follows:
(1) A record of depth of fire, which extends throughout each run-
ning period. The scale for this record extends from 0 to 20 in.
(2) A record of boiler pressure, which continues unbroken through
the entire test period.
Coal Fired
during
Period
Pounds
1850
1660
5000
285
1450
5000
507
1774
4000.. . ......... ......................... .
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(3) A record of drawbar pull. The pull, of course, ceased during
the stops, and is not here recorded during the preliminary running.
(4) A record of the time at which the greates were shaken, and of
the approximate duration of the shaking process. These facts are
indicated by the short wavy lines which appear in the space allotted
to the firebox temperature record.
(5) A record of temperature of the gases in the firebox, below
the arch. This record continues throughout all periods of the test.
Its scale extends from 1000 to 2000 deg.; during the stops, however,
the temperature dropped below 1000 deg., as indicated.
(6) A horizontal line showing the operation of the injectors. This
record has no scale at the left of the diagram, since it is used to show
simply the times at which the two injectors were started and stopped.
Both were never in operation at the same time.
(7) A record of the time required to fire one thousand pounds of
coal. This, in one sense, is the chief record of the test, since the test
was undertaken in order to discover what variations in firing rate
occurred. The record consists of a series of short horizontal lines
whose height above the base line shows the number of minutes required
to fire the corresponding half-ton. Firing of the third half-ton in
the first running period, for example, began at 10:02 A.M. and finished
at 10:28, requiring therefore 26 minutes; and the horizontal line cor-
responding to this half-ton is consequently drawn at a distance above
the base line which represents 26 minutes (see the scale at the extreme
left). The corresponding firing rate, expressed in pounds fired per
hour, is 2307; and this amount may be read on the second (inner)
scale. Within the stops and the preliminary running periods, where
coal was not fired with regularity in thousand-pound lots, this record,
being a mere "rate" line, is to be interpreted as showing the minutes
which would have been required to fire 1000 pounds, had the coal
actually used amounted to just that much.
(8) A record of the number of scoopfuls of coal fired and of the
time at which they were fired. This record consists of dots. The height
at which each dot is plotted represents, on the scale provided, the
number of scoopfuls; whereas its position sidewise represents the time.
Between 10:40 and 10:50, for example, three dots are plotted. They
indicate that at 10:43 and also at 10:47 six scoopfuls of coal were
fired; and that again at 10:50 coal was fired-this time, five scoop-
fuls.
(9) A record of the weights of coal fired. This consists of figures
denoting weights of coal, and of very short vertical lines which extend
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TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS
TABLE 17
SUMMARY OF THE RESULTS OF SUPPLEMENTARY TEST NO. 2732
Minutes to Fire Successive Half-tons of Coal
First H alf-ton....................................
Second Half-ton..................................
Third Half-ton...................................
Fourth Half-ton..................................
Fifth Half-ton....................................
Running Periods of Test 2732
First
31
31
26
28
23ý7 8
Second
31
28
29
25
24
27.4
Third
32
31
30
29
upward from a base line. The vertical lines define the time at the
beginning and at the end of the period during which the corresponding
weight of coal was fired. Immediately preceding the initial start, for
example, 510 pounds of coal were fired, beginning at 8:46 and ending
at 9:00 o'clock. This record provides the data from which record No.
7 is derived.
(10) A record of the feedwater injected. This consists of figures
denoting weights of water contained in the weighing tank, and of short
vertical lines extending downward from a base line. These verticals
define the time at the beginning and at the end of the period during
which the weighing tank was being emptied into the feed tank from
which the injector drew its supply. Since the water level in the feed
tank was kept nearly constant, the period referred to corresponds
closely with the period of injection of the specified weight of water.
Inspection of Fig. 20 shows that throughout each of the running
periods there was an unmistakable decrease in the time required to
fire successive half-tons of coal-even in the third period, after the
locomotive had been fired up for more than seven hours. The varia-
tion is, however, probably more easily seen in Table 17, which sum-
marizes the results of this test. It is apparent that the change in
firing rate occurs not only in the first running period, but in each of
the two succeeding periods; and that the variation is as pronounced
in the third period as in either of the others. The variations, further-
more, are closely like those which occurred during the initial periods
of the low-rate tests of Series II.
ve g mne.....................................
APPENDIX D
TABULATED DATA AND RESULTS
It is the purpose to present in this appendix the detailed results of
each of the 31 regular tests run during the entire investigation. The
results are given in Tables 18 to 34, inclusive, which follow. In these
tables the results are first presented for the tests of Series I, run with-
out the syphons; and then, in the lower half of each table, for those
of Series II, with syphons. In each series the tests are grouped with
respect to their rates of evaporation.
As has been previously stated, the results given in the body of
the bulletin relate exclusively to 24 accepted tests-three tests at
each of the four rates of evaporation in each of the two series-whose
test numbers are listed on page 22. The tables in this appendix, how-
ever, include not only these 24 tests, but 7 other tests which, for
reasons stated on page 22, were rejected from among those upon which
the discussion and the conclusions given in the body of the bulletin
are based. These 7 rejected tests are distinguished in Tables 18 to 34
by asterisks in the test-number columns.
In Tables 18 to 34, in addition to the values for each test, average
values are given for each group of tests run at like rates of evapora-
tion-for all quantities for which averages may logically be made. It
should be particularly noted that these averages for each group are
based upon all the tests shown in that group, "rejected" tests as well
as "accepted" tests. As a consequence, the group averages given in
Tables 18-34 are the same as the corresponding group averages used
in the body of the bulletin, only for the first, second, and third rates
of evaporation in the series of tests without syphons, and for the first
rate in the series with syphons. All other group averages given in these
tables-because these groups comprise rejected tests-differ from the
corresponding group averages used in the text, the tables, and the
figures in the body of the bulletin.
In arranging the data and results in the tables of this appendix,
the order of the item numbers of the A.S.M.E. Test Code for Steam
Locomotives has been generally adhered to. Such deviations from this
order as have seemed desirable are specified beyond. With a few ex-
ceptions, which are likewise specified, the methods recommended in
that code for calculating derived quantities have been used in de-
riving the results of these tests. The steam tables used in the calcu-
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lations are those prepared by J. H. Keenan and published in 1930 by
the American Society of Mechanical Engineers.
The following items, although they are not called for by the Code,
are presented in these tables:
Boiler pressure at the beginning and end of the tests, following
Code Item 121. These data are of interest in themselves and are re-
quired for the calculation of Items 188 and 189.
B.t.u. content of the ash on the grate at the close of the test, fol-
lowing Item 137. This information is presented as an indication of fire
condition at the end of the tests; and, for the same reason, the analysis
for the grate ash is given in two columns following Code Item 174.
Air used per pound of carbon burned (following Item 153) is an
intermediate value of some interest.
Four items concerning the weight of ash remaining on the grate
at the close of the test and the total weight of ash to be considered
as produced during the test follow Code Item 165. The method of
correcting for the ash which would have been in the ashpan had it
been possible to shake the fire down to its starting level is explained
in Appendix B.
Volatile matter in cinders, following Item 174, is useful in explain-
ing a higher heating value of the cinders than their carbon content
accounts for.
Total moist steam evaporated, following Item 189.
Total steam to the superheater, following Item 190.
B.t.u. transferred to the boiler per pound of coal fired, and the
same per pound of dry coal fired, following Item 217.
Tractive effort based on mean effective pressure, following Item
234.
Values of equivalent evaporation per hour, per square foot of com-
bined heating surface, per pound of coal as fired, and per pound of dry
coal are presented in columns following Item 199. The A.S.M.E. Code
presents corresponding values in terms of "Heat Transfer in Thou-
sands of B.t.u.," but the long-continued use of equivalent evaporation
as a means of comparison seems to warrant its presentation, in addition
to that of the newer unit.
A list of the code items follows, with statements as to their position
in this bulletin, their arrangement in the tables following, and the
reasons for the omission of those not presented.
Items 1-103 deal with the dimensions and specifications of the
locomotive, and are presented in Appendix A.
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Items 113-114-115, 126, 183-184-185-186-187, 193, 205-205a, 235
and 242 do not apply to a locomotive without a feedwater heater, and
are consequently omitted.
Items 169 and 170 are omitted because the front-end cinders, being
insignificant in amount, were mixed with the stack cinders before
weighing. The total weight appears as Item 171.
Item 184 is omitted because the injector overflow was returned
to the feed tank.
Item 215 is omitted. It would be the same as Item 200, since there
was no loss of superheated steam.
Items 106, 147, and 148 are omitted, because they define unvarying
quantities or facts which are stated in the text.
Item 191 is omitted because no superheated steam was used in
auxiliaries.
For the sake of convenience, Items 200 and 201 were calculated
by means of the following formulas, instead of by the methods sug-
gested in the Code:
Item 200 Item 182 ± Item 188 - Item 190
Item 104
Item 182 ± Item 189Item 201I
Item 104
The following Items are presented in the tables but somewhat out
of numerical order:
Items 112, 116-117 follow Item 120
Items 118-119-120 follow Item 111
Item 201 follows Item 189
Items 216-217 follow Item 204
All of the other code items, as follows, appear in the tables nearly
in numerical order and are calculated as specified in the Code:
104-105, 107-111, 121-146, 149-168, 171-174, 176-182, 188-190, 192,
194-199, 202-204, 206-214, 218-234, 236-241, 243-246.
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TABLE 18
GENERAL CONDITIONS
Code Item t3~ 104
Without First 2702 8.033
Syphons 2703 8.083
2706 7.767
Average, ....
Second 2701 5.567
Third
Fourth
With First
Syphons
Second
Third
2704 5.450
2707 5.400
Average ....
2705 3.500
2708 3.417
2714 3.533
Average ....
*2709 3.000
2710 2.850
*2711 2.200
2712 2.850
2713 2.850
Average ....
2716 8.567
2719 8.800
2724 8.733
Average ....
*2715 3.000
*2717 5.817
*2720 5.700
2725 6.100
2728 6.117
2729 5.967
Average ....
2722 3.917
2723 3.850
*2727 3.583
Average ....
2718 3.100
2721 3.133
*2726 2.800
2730 3.150
Average ....
Speed
Nom-
inal Revolutions
Cut-
off -
Speed
Per Total in
Minute Miles
Per perHou
Cent
105 107 108 I 109
25 80.04 38 579 14.34
25 80.04 38 821 14.34
25 80.03 37 284 14.33
.. 80.04 ..... 14.34
30
30
30
120.45 40 213
120.00 39 227
120.00 38 859
120.15 ....
120.05 25 185
119.59 24 496
120.01 25 427
119.88 . .
160.38 28 887
179.94 30 891
180.63 23 839
180.04 30 763
180.19 30 788
180.20 ....
80.00 41 106
80.01 42 294
80.00 41 949
80.00 ..
120.01 20 238
120.00 41 903
120.04 41 039
120.03 43 956
119.98 44 001
120.01 42 958
120.01 ..
120.00 28 197
119.99 27 706
120.08 25 849
120.26 27 807
120.08 ..
180.03 33 458
179.88 33 741
180.05 30 410
179.98 34 105
179.99 ..
*For the meaning of these asterisks see page 80.
21.57
21.49
21.49
21.52
21.50
21.42
21.49
21.47
28.72
Temperature, Degrees
Fahrenheit
Equivalent In Laboratory
Length Piston
of Speed, Dry
Run Average Bulb
Feet per,
Miles Minute
110 111 118
115.16 400.20 65.50
115.88 400.20 54.14
111.29 400.15 71.93
. . ... 400.18 ....
120.03 602.25 61.25
117.09 600.00 59.10
115.99 600.00 84.40
. . . . . 600.75 ....
75.18 600.25 62.10
73.12 597.95 82.17
75.90 600.05 86.37
..... 599.42 ....
86.23 801.90 75.80
92.21
71.16
91.83
91.90
122.70
126.24
125.22
60.41
125.08
122.50
131.21
131.34
128.23
84.17
82.70
77.16
83.00
99.87
100.72
90.77
101.80
899.70 78.70
903.15 86.27
900.20 80.90
900.95 86.40
900.10 ....
400.00 86.80
400.05 80.60
400.00 87.60
400.02 ...
600.05 64.90
600.00 69.50
600.20 83.70
600.15 88.20
599.90 78.04
600.05 79.74
600.06 .
600.00 68.50
'599.95 63.60
600.40 88.30
601.30 83.22
600.41 ....
900.15 70.10
899.40 64.10
900.25 88.80
899.90 75.76
899.93 ....
119
59.75
46.42
67.43
55.32
49.20
74.20
54.10
72.79
77.15
63.83
120
55.67
45.61
66.79
48.21
47.80
78.96
52.40
78.47
81.00
68.79
74.40 81.40
70.10 73.77
71.80 82.20
70.50 83.10
65.90 77.00
70.30 85.00
61.20 58.20
64.50 61.30
68.70 80.00
71.40 85.30
66.74 73.44
64.89 75.06
60.00 62.60
57.20 55.30
75.00 84.80
72.24 73.75
58.20 62.80
59.20 53.80
73.70 85.40
66.65 69.27
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TABLE 19
TEMPERATURES, HUMIDITY, AND PRESSURES
General Test
Conditions
With or Rate of
Without Evapo-
Syphons ration
Temperatures. Degrees Fahrenheit
Test Feed
Number Water
Code Item WI
Without First 2702
Syphons 2703
2706
69.1
67.9
69.9
Averagej 9.0
2701 68.0
2704 67.7
2707 67.7
Average 67.8
2705 67.9
2708 67.0
2714 66.9
Average 67.3
*2709 67.1
2710 66.7
*2711 67.6
2712 65.9
2713 66.0
Average 66.6
With First 2716 71.4
Syphons 2719 70.5
2724 71.0
Average 71.0
Second *2715 68.3
*2717 . 68.2
*2720 70.0
2725 68.8
2728 67.4
2729 67.2
Average 68.3
Third 2722 66.9
2723 66.1
*2727 68.1
2731 66.1
Average 66.8
Fourth 2718 64.0
2721 66.1
*2726 66.6
2730 64.1
Average 65.2
Steam
in
Branch
Pipe
116
564.5
561.6
548.6
558.2
583.5
572.4
571.8
575.9
607.0
603.0
620.0
610.0
625.0
637.0
632.0
630.0
629.0
632.0
540.0
542.0
535.0
539.0
574.0
574.5
575.3
570.0
572.0
566.0
572.0
621.0
615.0
615.0
618.0
617.3
626.0
638.0
624.0
630.0
629.5
I
*For the meaning of these asterisks see page 80.
Steam
in
Exhaust
Passage
117
244.6
247.8
241.3
244.6
255.4
250.0
253.5
253.0
303.0
301.0
312.7
305.6
333.0
354.0
350.0
351.0
343.0
349.5
246.0
239.0
237.0
240.7
255.0
252.5
250.1
250.0
250.0
249.0
251.1
311.0
310.0
310.0
308.0
309.8
345.0
349.7
341.0
344.0
344.9
Boiler Pressure,
Gauge Pounds per
Square Inch
Start
of Test
Gases in
Gases Firebox
in
Smoke-
box Above Below
Arch Arch
122 (123) (123)
516.5 1545 1960
504.0 1580 2017
494.0 1678 1892
504.8 1601 1956
542.3 1760 2140
522.4 1757 2228
516.0 1817 2074
526.9 1778 2147
555.0 1934 2167
564.0 1893 2182
562.0 .... 2060
560.3 1914 2136
565.0 1920 2195
584.0 1920 2226
584.0 1873 2204
583.0 1903 2235
575.0 1905 2212
581.5 1900 2219
487.0 1283 1795
490.0 1265 1864
486.0 1313 1708
487.7 1287 1789
519.0 1460 1879
525.0 1403 1880
519.0 1405 1980
515.0 1400 1865
520.0 1338 1792
535.0 1328 1776
522.2 1389 1862
576.0 1458 2114
575.0 1477 2071
568.0 1390 2066
571.0 1406 1747
572.5 1433 2000
580.0 1555 ....
602.0 1518 2184
575.0 1552 2114
595.0 1473 1988
588.0 1525 2095
Humid-
ity, Mois-
ture per
Pound of
Air
lb.
121
0.00986
0.00486
0.01300
0.00924
0.00786
0.00500
0.01570
0.00952
0.00730
0.01540
0.01800
0.01357
0.01000
0.01510
0.01540
0.01330
0.01370
0.01438
0.01243
0.01029
0.01186
0.01153
0.01086
0.01186
0.01157
0.01264
0.01143
0.00971
0.01135
0.00914
0.00857
0.01550
0.01443
0.01191
0.00757
0.00971
0.01429
0.01193
0.01088
Close Aver-
of Test age
124
181.0 180.4
182.5 179.8
179.0 179.8
.... 180.0
179.0 179.6
181.0 180.1
178.0 176.3
.... 178.7
176.0 177.9
181.0 176.4
180.0 176.5
.... 176.9
175.0 177-.8
181,5 179.0
175.0 177.6
179.5 176.4
180.0 176.5
.... 177.4
182.0 182.0
184.5 184.1
184.0 182.8
.... 183.0
180.5 180.8
182.0 179.6
186.0 183.2
184.0 182.0
183.0 181.7
184.0 182.6
.... 181.7
182.0 182.3
179.0 183.2
186.0 181.8
180.5 180.3
.... 181.9
179.0 179.1
180.0 181.8
184.0 180.1
183.0 180.1
.... 180.3
• ^^
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TABLE 20
PRESSURES AND DRAFTS
Pressure,
Pounds per Square Inch
Test
Number
2702
2703
2706
Average
2701
2704
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
General Test
Conditions
With or Rate of
Without Evapo-
Syphons ration
Steam in Steam in
Branch Exhaust
Pipe, Passage,
Gauge Gauge
125 127
176.0 1.12
176.1 1.50
178.6 1.63
176.9 1.42
170.8 4.50
171.9 4.12
171.3 3.41
171.3 4.01
166.9 . .
166.6 10.19
164.9 10.21
166.1 10.20
164.4 13.61
161.7 15.44
161.7 15.40
160.9 15.27
161.1 15.19
161.4 15.33
176.4 2.09
179.7 2.59
179.2 1.67
178.4 2.12
171.2 3.71
170.8 3.74
176.3 3.95
175.4 3.57
174.7 3.55
173.6 3.63
173.7 3.68
168.5 9.69
168.8 9.80
168.2 9.30
165.5 8.02
167.8 9.20
160.4 14.71
162.9 14.71
161.8 14.68
160.5 13.30
161.4 14.35
*For the meaning of these asterisks see page 80.
Draft, Inches of Water
In Smokebox
Barom-
eter
128
14.44
14.52
14,48
14.48
14.44
14.49
14.49
14.47
14.50
14.46
14.48
14.48
14.44
14.44
14.40
14.27
14.42
14.38
14.43
14.56
14.54
14.51
14.44
14.43
14.47
14.57
14.51
14.50
14.59
14.47
14.54
14.46
14.46
14.48
14.63
14.50
14.54
14.51
14.55
Back of
Dia-
phragm
130
1.79
1.74
1.86
1.80
3.23
3.39
3.19
3.27
6.50
6.25
6.57
6.44
7.71
8.34
8.39
8.16
8.12
8.25
1.78
1.87
1.82
1.82
3.19
3.07
3.06
3.17
3.22
3.28
3.17
6.55
6.60
6.52
6.35
6.51
8.24
8.50
8.30
8.23
8.32
In Firebox
Point
A
Point
B
Front of
Dia-
phragm
129
2.34
2.29
2.47
2.37
4.28
4.55
4.35
4.39
9.20
8.88
9.15
9.08
11.14
12.03
11.80
11.48
11.60
11.73
2.46
2.50
2.45
2.47
4.37
4.25
4.14
4.24
4.34
4.45
4.30
8.80
8.93
8.92
8.89
8.89
11.43
11.55
11.23
11.79
11.50
Code Item &'-
Point
C
Without
Syphons
With
Syphons
First
Second
Third
Fourth
First
Second
Third
Fourth
In
Ash
Pan
132
0.04
0.04
0.03
0.04
0.06
0.07
0.06
0.06
0.13
0.14
0.15
0.14
0.16
0.18
0.17
0.17
0.17
0.17
0.05
0.04
0.04
0.04
0.08
0.10
0.08
0.07
0.09
0.08
0.08
0.15
0.15
0.15
0.15
0.15
0.19
0.18
0.19
0.20
0.19
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TABLE 21
HEATING VALUES
General Test Heatin
Conditions
I I
Test
With or Rate of Number Coal as
Without Evapo- Fired Dry Coal
yp ra on
Code Item tý
Without
Syphons
With
Syphons
First
Second
Third
Fourth
First
Second
Third
Fourth
2702
2703
2706
Average
2701
2704
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
verage
*2715
*2717
*2720
* 2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
133
12 116
12 133
11 930
12 060
11 795
11 991
11 910
11 899
11 782
12 095
11 783
11 887
12 109
11 768
11 910
11 754
11 623
11 764
11 653
11 785
11 726
11 721
11 794
11 817
12 086
12 037
11 961
11 886
11 930
11 797
11 948
11 980
11 738
11 866
11 754
11 999
11 851
12 084
11 922
*For the meaning of these asterisks see page 80.
134
12 829
12 860
12 716
12 802
12 577
12 716
12 555
12 616
12 509
12 910
12 395
12 605
12 827
12 419
12 590
12 354
12 201
12 391
12 317
12 393
12 341
12 350
12 507
12 485
12 709
12 651
12 700
12 550
12 600
12 465
12 627
12 664
12 382
12 535
12 390
12 669
12 434
12 771
12 566
,g Values, B.t.u. per Pound
Combustible Cinders
135 136
14 460 7434
14 442 7314
14 528 7392
14 477 7380
14 448 6304
14 482 7341
14 480 8604
14 470 7416
14 444 8696
14 557 8738
14 096 9351
14 366 8928
14 524 8550
14 325 9225
14 400 10033
14 268 10311
14 041 9751
14 259 9830
14 183 6496
14 351 5805
14 363 6513
14 299 6271
14 279 6808
14 331 7317
14 412 8330
14 354 8112
14 411 7322
14 327 7769
14 352 7610
14 313 9810
14 392 9028
14 383 9577
14 282 9024
14 343 9360
14 336 9287
14 358 9782
14 403 9794
14 403 10330
14 375 9798
Ash in
Pan
137
6196
6237
2081
4838
3125
3217
3794
3379
3090
3263
4622
3658
3740
4794
4427
3443
3479
4036
2694
2903
3384
2994
3200
4807
3761
4077
5818
3449
4185
3859
4416
4964
4393
4408
4477
4054
5574
4539
4661
Ash on
Grate
6752
6431
4588
5924
3260
6528
5396
5061
4030
5867
4630
4842
3501
5204
5407
5275
6723
5652
4035
3717
3751
3834
3404
4378
4105
4038
3934
5228
4181
3747
4645
4045
3169
3902
4612
3442
4179
3529
3941
S 
hone 
ti
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TABLE 22
COAL ANALYSIS
General Test
Conditions
With or Rate of Test
Without Evapo- Number
Syphons ration
Code Item t3
Without First 2702
Syphons 2703
2706
Average
Second 2701
2704
2707
Average
Third 2705
2708
2714
Average
*2709
Fourth 2710
*2711
2712
2713
Average
With First 2716
Syphons 2719
2724
Average
Second *2715
*2717
*2720
2725
2728
2729
Average
Third 2722
2723
*2727
2731
Average
Fourth 2718
2721
*2726
2730
Average
Proximate Analysis, Coal as Fired
Fixed Volatile Mois- Ash
Carbon Matter ture
Per Cent Per Cent Per Cent Per Cent
138 139 140 141
48.45 35.34 5.56 10.65
46.71 37.30 5.65 10.34
47.16 34.96 6.18 11.70
47.44 35.86 5.80 10.90
47.86 33.78 6.22 12.14
46.25 36.55 5.70 11.50
46.15 36.10 5.14 12.61
46.75 35.48 5.69 12.08
47.35 34.22 5.81 12.62
48.30 34.79 6.31 10.60
46.73 36.86 4.94 11.47
47.46 35.29 5.69 11.56
47.17 36.20 5,60 11.03
45.06 37.09 5.24 12.61
44.61 38.10 5.40 11.89
47.02 35.36 4.86 12.76
46.20 36.58 4.74 12.48
45.72 36.78 5.06 12.44
47.18 34.98 5.39 12.45
46.73 35.39 4.91 12.97
47.25 34.39 4.98 13.38
47.05 34.93 5.09 12.93
47.51 35.07 5.70 11.72
47.28 35.18 5.35 12.19
48.32 35.54 4.90 11.24
47.67 36.19 4.85 11.29
48.47 34.53 5.82 11.18
47.84 35.12 5.29 11.75
47.85 35.27 5.32 11.56
47.58 34.84 5.36 12.22
47.07 35.95 5.38 11.60
48.96 34.33 5.40 11.31
47.50 34.69 5.20 12.61
47.78 34.94 5.34 11.94
46.37 35.62 5.13 12.88
48.18 35.39 5.29 11.14
46.39 35.89 4.69 13.03
48.69 35.21 5.38 10.72
47.41 35.53 5.12 11.94
*For the meaning of these asterisks see page 80.
Sulphur,
Sepa-
rately
Deter-
mined
Per Cent
142
3.42
3.39
3.18
3.33
2.95
3.26
3.28
3.16
3.23
3.42
3.89
3.51
3.56
4.20
3.79
3.94
4.24
4.04
3.69
4.54
3.48
3.90
3.65
3.59
3.38
3.76
3.66
3.58
3.61
3.58
3.32
3.15
3.34
3.35
3.97
3.46
3.82
3.16
3.60
Ultimate Analysis, Coal as Fired
Carbon Hydro-
gen
Per Cent Per Cent
143 144
67.44
65.60
64.33
65.79
65.20
63.96
64.10
64.42
63.55
66.08
62.96
64.20
66.70
63.97
63.83
64.23
62.56
63.65
63.03
63.66
63.18
63.29
64.36
64.40
66.49
65.14
64.59
64.32
64.88
63.79
64.46
65.32
63.16
64.18
62.82
64.80
64.13
66.02
64.44
4.41
5.11
4.99
4.84
4.51
5.27
5.04
4.94
4.91
4.68
5.22
4.94
4.51
4.93
5.06
4.64
4.96
4.90
4.69
4.72
4.93
4.78
4.72
4.72
4.63
4.92
4.94
4.93
4.81
4.89
5.01
4.86
5.04
4.95
5.00
4.91
4.79
4.85
4.89
Nitro-
gen
Per Cent
145
1.16
1.17
1.21
1.18
1.17
1.13
1.15
1.15
1.23
1.21
1.08
1.17
1.21
1.03
1.01
0.93
1.09
1.02
1.20
1.06
1.00
1.09
1.17
1.18
1.21
1.16
0.95
0.92
1.10
1.16
1.18
0.92
0.95
1.05
1.10
1.10
1.20
0.94
1.09
Oxygen
Per Cent
146
7.36
8.74
8.42
8.17
7.81
9.18
8.68
8.56
8.65
7.68
10.44
8.92
7.39
8.32
9.02
8.64
9.93
8.98
9.55
8.14
9.05
8.91
8.68
8.57
8.15
8.88
8.86
9.21
8.73
9.00
9.05
9.04
9.70
9.20
9.10
9.30
8.34
8.93
8.92
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TABLE 23
COAL AND AIR SUPPLY
General Test
Conditions
Test
Number
With or Rate of
Without Evapo-
Syphons ration
Code Item tlQ-
Without
Syphons
With
Syphons
First
Second
Third
Fourth
First
Second
Third
Fourth
2702
2703
2706
Average
2701
2704
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
Approximate
Thickness of
Firebed, Inches
Start of
Test
(149)
5
5
6.5
4
6
7
13
7.5
9
10
9
9
8
10.5
5
5
4.5
5
4
5
5
5.5
5
5
6
7
6
7
6
7
7
End of
Test
Pounds
(149)
19
18
18
19
16
17.5
19
17
18.5
18
18.5
19
17.5
17
19
19.5
19.5
18
18
19
18.5
18
18
18.5
19
18
19
20
19
18.5
18
o...
Coal
Fired,
Total
Pounds
150
20 000
20 000
20 000
20 000
20 000
20 000
20 000
20 000
20 000
20 000
20 000
15 160
20 000
20 000
20 000
20 000
20 000
10 082
20 000
18 635
20 000
20 000
20 000
20 000
20 000
17 825
20 000
20 000
20 000
17 700
20 000
*For the meaning of these asterisks see page 80.
Dry Coal
Fired,
Total
Pounds
151
18 888
18 870
18 764
18 756
18 860
18 972
18 838
18 738
19 012
18 880
18 952
14 341
19 028
19 052
18 922
19 018
19 004
9 507
18 930
17 722
19 030
18 836
18 942
18 928
18 924
16 862
18 960
18 974
18 942
16 870
18 924
Combus-
tible by
Analysis,
Total
Pounds
152
16 758
16 802
16 424
Carbon
Burned
per
Pound
Coal
as Fired
Pounds
153
0.598
0.583
0.619
0.600
16 328 0.616
16 560 0.603
16 450 0.605
..... 0.608
16 314 0.602
16 618 0.618
16 718 0.564
..... 0.595
Air I
Per
Pound
Carbon
Burned
Pounds
22.07
22.89
28.66
24.54
20.92
26.21
21.24
22.79
32.09
22.90
21.51
28.83
16 674 0.635 20.61
16 430 0.566 19.21
12 539 0.572 20.19
16 476 0.568 20.34
16 556 0.558 19.08
..... 0.566 19.71
16 432 0.596 ....
16 424 0.604 21.60
16 328 0.590 22.16
..... 0.597 21.88
8 328 0.593 24.50
16 492 0.578 .
15 627 0.620 20.78
16 772 0.610 20.04
16 600 0.583 22.13
16 592 0.597 23.06
..... 0.597 22.10
16 484 0.574 21.54
16 604 0.573 20.83
14 846 0.585 19.21
16 438 0.578 21.06
..... 0.578 20.66
16 398 0.541 21.00
16 714 0.566 20.13
14 564 0.544 18.85
16 780 0.575 19.94
..... 0.557 19.98
rsed
Per
Pound
Coal
as Fired
Pounds
154
13.20
13.34
17.74
14.76
12.89
15.80
12.85
13.85
19.32
14.15
12.13
15.20
13.09
10.87
11.55
11.55
10.65
11.16
13.05
13.07
13.06
14.53
12.88
12.22
12.90
13.77
13.26
12.36
11.94
11.24
12.17
11.93
11,36
11.39
10.25
11.47
11.12
..... I . .1 1 1
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TABLE 24
FIRING RATE, SMOKE, AND GAS ANALYSIS
per per
Hour Hour
Pounds Pounds Pounds Pounds
Code Item t!7 155 156 157 158
Without First 2702 2489.7 35.379 7.20 2351,4
Syphons 2703 2474.3 35.159 7.15 2334.5
I6 O2575.0 36.5o91
Average 2513.0 35.710
3592.6 51.050
3669.7 52.146
3703.7 52.639
3655.3 51.945
5714.3 81.215
5853.1 83.188
5660.9 80.456
5742.8 81.620
6666.7 94.751
7017.6 99.737
6890.9 97.938
7017.5 99.737
7017.5 99.737
6985.9 99.287
2334.8
2272.7
2290.1
2299.2
3360.6
3438.8
3269.3
3278.7
3269.6
3351.8
3328.1
5105.9
5194.8
4974.8
5194.8
5117.6
6451.6
6383.7
6321.4
6349.2
6376.5
33.180
32.300
32.550
32.677
47.750
48.870
46.470
46.600
46.470
47.640
47.300
72.570
73.830
70.690
73.830
72.730
91.690
90.730
89.840
90.240
90.630
Second 2701
2704
Average
Third 2705
2708
2714
Average
*2709
Fourth 2710
*2711
2712
2713
Average
First 2716
2719
2724
Average
*2715
Second *2717
*2720
2725
2728
2729
Average
Third 2722
2723
*2727
2731
Average
Fourth 2718
2721
*2726
2730
Average
7.44 2415.9
7.26 2367.3
10.38 3369.1
10.61 3460.5
10.71 3513.3
10.57 3447.6
16.51 5382.3
16.92 5483.7
16.36 5381.3
16.60 5415.8
6293.3
6649.8
6518.6
6676.5
6684.9
6632.5
2209.0
2161.0
2176.0
2182.0
3169.0
3255.0
3109.0
3120.0
3279.0
3174.0
4832.0
4915.0
4706.0
4925.0
4844.5
6121.0
6046.0
6025.0
6007.0
6049.8
19.26
20.28
19 92
20.28
20.28
20.19
6.95
6.76
6.82
6.84
10.00
10.24
9.73
9.76
9.73
9.98
9.91
15.20
15.46
14.81
15.46
15.23
*For the meaning of these asterisks see page 80.
159 160
33.41 29
33.17 26
34.33 49
33.64 35
47.88 41
49.17 34
49.93 36
48.99 37
76.50 54
77.94 41
76.49 36
76.97 44
89.44 32
94.51
92.65
94.89
95.01
04 97
31.40
30.70
30.92
31.01
45.03
46.27
44.18
44.35
43.76
45.11
44.78
68.66
69.84
66.88
69.99
68.84
26
32
23
24
43
34
30
29
24
25
38
29
86.97 24
10.74
10.63
8.51
9.96
11.45
9.26
11.48
10.73
7.10
10.74
11.38
9.87
11.80
12.46
12.28
12.01
13.01
12.44
11.36
11.09
11.23
10.10
11.84
12.23
11.08
10.64
11.18
11.45
11.67
12.87
11.67
11.92
11.79
85.93 39 12.14
85.62 27 12.97
85.38 58 12.35
85.98 37 12.31
With or
Without
Syphons
)ry Smokebox
' Volume
Car-
bon
Mon- Nitro-
oxide I gen
CO N2
Per Per
Cent Cent
163 164
0.37 81.90
0.21 81.82
0.14 81.76
0.24 81.83
0.40 81.71
0.17 81.52
0.21 81.88
0.26 81.70
0.22 81.29
0.18 82.49
0.15 81.81
0.18 81.87
0.25 81.92
With
Syphons
4.87
5.54
5.73
4.22
5.09
7.05
7.63
7.34
7.48
6.46
6.16
7.31
7.83
7.05
6.95
6.43
5.37
6.79
6.39
0.51
0.05
0.22
0.12
0.23
0.08
0.03
0.06
0.09
0.07
0.11
0.09
0.07
0.08
0.03
0.22
0.03
0.06
0.09
82.16
83.13
82.04
82.65
82.25
81.i1
81.25
81.38
82.33
81.63
81.50
81.52
81.46
81.49
81.57
81.68
81.73
81.48
81.62
0.11 82.38
0.20 81.93
0.26 82.24
0.07 81.65
0.16 82.05
I .- .
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TABLE 25
ASH AND CINDERS
General Test
Conditions
Ash
Col-
Test lected
Number From
Ashoar
With or Rate of (Dry)
Without Evapo-
Syphons ration
Pounds
Code Item t3l 165
Without
Syphons
With
Syphons
First
Second
Third
First
Second
Third
2702 1638
2703 1462
2706 422
Average 1174
2701
2704
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
589
1158
796
848
770
801
1315
962
849
1003
26
1031
1134
799
723
1595
762
885
1021
882
978
646
714
578
908
712
*For the meaning of these asterisks see page 80.
I Net
Equiv-
alent
Ash tor
Ash by Test,
Anal- Per-
ysis centage
of Ash
by An-
alysis
Per
Pounds Cent
167 168
2130 149.8
2068 146.4
2340 126.1
2179 140.8
2428 112.8
2300 108.6
2522 91.7
2417 104.4
Ash on
Grate
at Close
of Test
(Dry)
Pounds
2098
2174
3955
2742
2720
2124
2530
2458
2552
2017
2458
2342
2247
2196
2678
2853
2696
2606
1849
2265
2258
2124
1566
2065
1860
2735
2040
2257
2087
2610
2840
1975
2246
2418
2789
2742
2240
2307
2520
Tota
Ash
(Dry)
Pounds
3736
3636
4377
3916
3309
3282
3326
3306
3322
2818
3773
3304
3096
3199
2704
3884
3830
3404
3434
3177
3508
3373
2289
3660
2622
3620
3061
3139
3065
3256
3554
2553
3154
3129
3719
3185
2934
2769
3152
Pounds
1735
887
1204
1275
438
454
484
738
632
632
563
705
909
770
719
776
Pounds
1587
1931
2569
2029
1851
3206
2138
2882
2429
2507
2502
2551
2645
1783
2435
2354
Cinders
in Per
Cent
of Tota
Dry
Coal
Fired
Per
Cent
172
1.49
1.57
0.64
1.23
1.54
1.85
1.07
1.48
Tots
Cinders
Pounds
171
208.5
296.0
120.0
232.2
289.0
348.0
203.0
280.0
643.0
690.0
746.0
693.0
293.0
1335.0
826.0
1236.0
1201.0
1150.0
374.0
283.0
299.0
318.7
222.0
548.5
483.0
480.0
592.0
555.0
480.1
897.0
907.0
935.0
1010.0
937.3
1320.5
1417.0
1260.0
1546.0
1385.9
2.34
2.90
2.73
2.52
3.14
2.93
2.76
4.74
4.79
5.55
5.33
5.10
3.41
3.68
3.92
3.67
8.4
10.3
13.5
10.7
19.5
16.9
12.1
15.1
12.9
13.2
15.0
13.5
14.0
10.6
12.8
12.7
2524
2120
2294
2313
1182
2438
2095
2258
2236
2350
2093
2444
2320
2016
2522
2326
62.9
91.1
112.0
88.7
156.6
131.5
102.1
127.6
108.6
106.7
122.2
104.4
114.0
88.4
96.6
100.9
799
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TABLE 26
ANALYSIS OF ASH AND CINDERS
General Test
Conditions
Test
NumberWith or Rate of Number
Without Evapo-
Syphons ration
Code Item WC"
Analysis of Ash Col- Analysis of Ash on
lected from Ashpan Grate at Close of Test
Carbon Ash Carbon Ash
Per Cent Per Cent Per Cent Per Cent
173 174
Without First 2702 43.03 56.97 46.89 53.11
Syphons 2703 43.31 56.69 44.66 55.34
2706 14.45 85.55 31.86 68.14
Average 33.60 66.40 41.14 58.86
Second 2701 21.72 78.28 22.64 77.36
2704 22.34 77.66 45.33 54.67
2707 26.35 73.65 37.47 62.53
Average 23.47 76.53 35.15 64.85
Third 2705 21.46 78.54 27.99 72.01
2708 22.66 77.34 40.74 59.26
2714 32.10 67.90 32.15 67.85
Average 25.41 74.59 33.63 66.37
*2709 25.97 74.03 24.31 75.69
Fourth 2710 33.29 66.71 36.14 63.86
*2711 30.74 69.26 37.55 62.45
2712 23.91 76.09 36.63 63.37
2713 24.16 75.84 46.69 53.31
Average 28.03 71.97 39.25 60.75
With First 2716 18.71 81.29 28.02 71.98
Syphons 2719 20.16 79.84 25.81 74.19
2724 23.50 76.50 26.05 73.95
Average 20.79 79.21 26.63 73.37
Second *2715 22.22 77.78 23.64 76.36
*2717 33.38 66.62 30.40 69.60
*2720 26.12 73.88 28.51 71.49
2725 28.31 71.69 28.04 71.96
2728 40.40 59.60 27.32 72.68
2729 23.95 76.05 36.31 63.69
Average 29.06 70.94 29.04 70.96
Third 2722 26.80 73.20 26.02 73.98
2723 30.67 69.33 32.26 67.74
*2727 34.47 65.53 28.09 71.91
2731 30.51 69.49 22.01 77.99
Average 30.61 69.39 27.10 72.90
Fourth 2718 31.09 68.91 32.03 67.97
2721 28.15 71.85 23.90 76.10
*2726 38.71 61.29 29.02 70.98
2730 31.52 68.48 24.51 75.49
Average 32.37 67.63 27.37 72.63
*For the meaning of these asterisks see page 80.
Volatile
Matter
Per Cent
5.89
5.85
5.85
5.86
8.22
6.11
5.10
6.48
5.73
5.28
2.33
4.45
5.99
4.43
4.02
4.02
3.32
3.95
6.58
6.20
5.78
6.19
7.92
5.80
3.49
4.18
4.82
3.93
5.02
3.36
3.33
4.32
3.26
3.57
3.96
3.98
3.07
3.10
3.53
Analysis of Cinders
Carbon
Per Cent
176
52.75
48.75
52.05
51.18
42.73
49.63
55.64
49.33
51.98
61.98
65.77
59.91
57.18
57.57
67.89
70.62
68.18
66.07
36.88
44.15
43.68
41.57
45.49
44.43
57.18
56.63
47.73
58.49
51.66
67.04
68.37
64.03
71.55
67.75
67.34
68.59
72.05
71.95
69.98
Mois-
Ash ture
Per Cent Per Cent
177 178
40.56 0.80
44.48 0.92
41.64 0.46
42.23 0.73
48.55 0.50
43.94 0.32
38.91 0.35
43.80 0.39
42.23 0.06
31.94 0.80
31.83 0.07
35.33 0.31
36.82 0.01
37.95 0.05
27.90 0.19
25.35 0.01
28.43 0.07
29.91 0.08
56.12 0.42
49.16 0.49
50.12 0.42
51.80 0.44
46.22 0.37
49.37 0.40
39.22 0.11
39.13 0.06
47.19 0.26
37.44 0.14
43.10 0.22
29.45 0.15
28.30 0.00
31.62 0.03
25.17 0.02
28.64 0.05
28.69 0.01
27.38 0.05
24.87 0.01
24.94 0.01
26.47 0.02
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TABLE 27
QUALITY OF STEAM, SUPERHEAT, AND EVAPORATION
General Test Degrees of Super-
Conditions heat, Fahrenheit
Test Quality
„ , fr .. - Steam o
With or Rate of INumber . -
Without Evapo- in Dome
Syphons ration
Code Item tS~
Without
Syphons
With
Syphons
First 2702
2703
2706
Average
Second 2701
2704
Third
Fourth
First
Second
Third
Fourth
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
179
0.9748
0.9744
0.9793
0.9762
0.9769
0.9786
0.9812
0.9789
0.9784
0.9790
0.9768
0.9781
0.9799
0.9774
0.9779
0.9766
0.9739
0.9765
0.9765
0.9734
0.9845
0.9781
0.9779
0.9748
0.9734
0.9850
0.9763
0.9762
0.9773
0.9761
0.9694
0.9790
0.9763
0.9752
0.9756
0.9767O U7Q0n
In.
Branch
Pipe
180
187.2
184.2
170.0
180.5
208.5
196.0
196.3
200.3
233.3
229.9
247.2
236.8
252.4
265.7
260.7
259.2
258.0
260.9
198.3
199.5
197.1
192.4
194.8
189.3
195.2
246.5
240.4
240.7
244.9
243.1
255.2
266.1
252 A
0.9725 259.2
0.9757 258.3
In
Exhaust
Passage
181
30.1
31.5
24.7
28.8
30.4
25.8
31.5
29.2
601.7
73.4
67.6
87.8
104.2
100.2
101.6
93.6
99.9
32.2
29.7
26.2
27.0
27.2
26.2
28.1
72.7
71.5
72.7
73.7
72.7
96.2
101.1
92.4
98.1
97.0
*For the meaning of these asterisks see page 80.
Weight
of Water
in Boiler
Water at Start
Delivered of Test.
:o Boiler,
Total
Pounds
182
135 029
132 262
130 983
132 467
133 975
130 932
123 829
123 990
128 351
120 546
120 920
92 952
119 704
118 948
143 378
146 978
140 060
68 566
136 732
135 815
144 116
143 055
141 144
137 600
135 139
124 220
132 654
126 197
129 471
114 438
127 980
Less
Weight
at Close
of Test
Pounds
188
-1131
- 668
- 843
- 9
+ 18
- 944
- 258
-1306
-2316
+ 111
+ 203
- 380
-1541
+ 41
- 29
+ 5
+ 4
+1147
+ 328
+1156
+ 660
+1247
+ 399
- 215
+ 95
+ 6009
+ 381
- 44
+ 187
- 210
+ 201
1 Corree-
tion for
Differ-
ence in
Boiler
Pres-
sure at
Start
and
Close
of Test
Pounds
(188a)
Moist Steam
Evaporated
Boiler
Correc-
tion
Pounds
189
- 734
- 427
- 588
Total
Pounds
134 295
131 835
130 395
132 176
- 10 - 19 132 448
+ 18 + 36 134 011
+239 - 705 130 227
..... ...... 132 229
- 23 - 281 123 548
+440 - 866 123 124
+688 -1642 126 709
..... ...... 124 467
-104 + 7 120 553
- 26
+ 87
+442
+ 35
-362
-110
-250
-160
-300
-101
+ 55
-141
-133
-117
- 43
+ 177
- 293
-1099
+ 76
- 45
+ 9
+ 8
+ 785
+ 218
+ 906
+ 500
+ 947
+ 298
- 160
- 46
+ 476
+ 264
- 87
-386 - 199
+ 69 - 141
- 64 + 137
121 097
92 659
118 605
119 024
112 846
143 333
146 987
146 068
145 463
67 781
136 950
136 721
144 6600
144 002
141 442
128 594
137 440
135 093
124 696
132 918
132 537
126 110
129 272
114 297
128 117
124 449
Per
Hour
Pounds
201
16 718
16 310
16 788
16 605
23 792
24 589
24 116
24 166
35 299
36 033
35 864
35 732
40 184
42 490
42 118
41 616
41 763
41 997
16 731
16 703
16 726
16 720
22 594
23 543
23 986
23 716
23 541
23 704
23 514
35 088
35 089
34 802
34 524
34 870
40 681
41 262
40 820
40 672
40 859
I
TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS
TABLE 28
HEAT TRANSFER
General Test
Conditions
Test
Number
With or Rate of
Without Evapo-
Syphons ration
Code Item týi
Without First
Svnhons
With
Syphons
Second
Third
Fourth
First
Second
Third
Fourth
2702
2703
2706
Average
2701
2704
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
Moist
Steam
Used by
Auxili-
aries,
etc.
Pounds
168
78
90
16
101
2718
2721 20
*2726 ...
2730
Average
Steam to
Superheater
Total
Pounds
133 497
131 368
129 414
132 427
133 980
129 988
123 404
122 684
126 035
120 579
121 033
92 572
118 163
118 989
143 349
146 983
146 064
69 713
137 060
136 971
144 776
144 302
141 543
137 369
135 133
124 829
133 035
126 153
129 638
114 228
128 181
Pounds
192
16 619
16 252
16 662
16 511
23 788
24 584
24 072
24 148
35 258
35 904
35 674
35 612
40 193
42 468
42 078
41 461
41 751
41 940
16 733
16 703
16 726
16 721
23 238
23 562
24 030
23 734
23 590
23 721
23 646
35 070
35 100
34 839
34 555
34 891
40 695
41 378
40 796
40 692
40 890
Heat Transfer in Units of Evapo-
ration (1000 B.t.u.) per Hour
Across
Water
Heating
Surface
194
19 042
18 592
19 172
18 935
27 168
28 120
27 625
27 638
40 347
41 236
40 978
40 854
46 015
48 587
48 137
47 584
47 656
47 991
19 045
18 986
19 160
19 064
25 814
26 834
27 277
27 226
26 886
27 075
26 852
40 088
39 921
39 803
39 475
39 822
46 568
47 195
46 706
46 451
46 730
Across Across
Super- Total
heating Heating
Surface Surface
3233
3152
3038
3141
5179
5195
5529
5301
6322
6961
6749
6663
6780
6788
1889
1944
1731
1855
3014
3138
3206
2877
3055
3008
3050
5460
5553
5233
5325
5393
*For the meaning of these asterisks see page 80.
Units of Evapo-
ration per Pound
of Coal
r
¸
Per
Square
Foot of
Com-
bined
Heating
Surface
(Aver-
age)
197
4.46
4.36
4.44
4.42
6.41
6.60
6.46
6.49
9.60
9.79
9.81
9.73
11.04
11.71
11.57
11.44
11.48
11.55
4.37
4.37
4.36
4.37
6.01
6.25
6.35
6.28
6.24
6.27
6.23
9.50
9.48
9.39
9.34
9.43
Dry
Coal
199
9.00
8.84
8.73
8.86
9.02
9.03
8.73
8.93
8.46
8.47
8.64
8.52
8.31
8.35
8.42
8.13
8.15
8.26
9.48
9.68
9.60
9.59
9.10
9.21
9.81
9.64
9.72
9.48
9.49
9.43
9.26
9.57
9.10
9.34
196
21 159
20 643
21 090
20 964
30 401
31 272
30 663
30 779
45 526
46 431
46 508
46 155
52 337
55 548
54 886
54 247
54 436
54 779
20 934
20 931
20 891
20 919
28 828
29 973
30 482
30 103
29 941
30 083
29 902
45 548
45 474
45 036
44 800
45 215
53 164
53 977
53 070
53 113
53 331
As
Fired
198
8.50
8.34
8.18
8.34
8.46
8.52
8.28
8.42
7.96
7.94
8.22
8.04
7.85
7.92
7.96
7.73
7.75
7.84
8.96
9.21
9.12
9.10
8.58
8.71
9.32
9.18
9.16
8.97
8.99
8.92
8.75
9.05
8.63
8.84
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TABLE 29
EQUIVALENT EVAPORATION
Equivalent Evaporation, PoundsGeneral Test
Conditions
Test
Number
With or Rate of Per Hour Per Pound of
Without Evapo- Coal as Fired
Syphons ration
Code Item [3S
Without First 2702 21 809 8.76
Syphons 2703 21 277 8.60
2706 21 737 8.44
Average 21 608 8.60
Second 2701 31 334
2704 32 232
2707 31 604
Average 31 723
Third 2705 46 924
A 8O
2714 47 935
Average 47 572
*2709 53 944
Fourth 2710 57 253
*2711 56 571
2712 55 912
2713 56 107
Average 56 461
First 2716 21 577
2719
2724
Average
Second *2715
*2717
*2720
2725
2728
2729
Average
Third 2722
2723
*2727
2731
Average
Fourth 2718
2721
*2726
2730
Average
21 573
21 532
21 561
29 713
30 893
31 418
31 027
30 860
31 006
30 819
46 947
46 870
46 418
46 175
46 603
54 796
55 634
54 700
54 743
54 968
*For the meaning of these asterisks see page 80.
8.72
8.78
8.53
8.68
8.21
8.18
8.47
8.29
8.09
8.16
8.21
7.97
7.99
8.08
9.24
9.49
9.40
9.38
8.84
8.98
9.61
9.46
9.44
9.25
9.26
9.19
9.02
9.33
8.89
9.11
8.49
8.71
8.65
8.62
8.62
Per Pound of
Dry Coal
9.30
9.31
9.00
9.20
8.72
8.73
8.91
8.79
8.57
8.61
8.68
8.38
8.39
8.52
9.77
9.98
9.90
9.88
9.38
9.49
10.11
9.94
10.02
9.77
9.79
9.72
9.54
9.86
9.38
9.63
8.95
9.20
9.08
9.11
9.09
With
Syphons
Per
Square Foot
of Combined
Heating
Surface
4.60
4.49
4.58
4.56
6.61
6.80
6.66
6.69
9.89
10.09
10.11
10.03
11.38
12.07
11.93
11,79
11.83
11.91
4.50
4.50
4.49
4.50
6.19
6.44
6.55
6.47
6,.43
6.46
6.42
9.79
9.77
9.68
9.63
9.72
11.42
11.60
11.40
11.41
11.46
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TABLE 30
ACTUAL EVAPORATION AND HEAT TRANSFER
Superheated Steam
(Steam to Engine)
Per Per
Pound Pound
Per Hour Coal as of Dry
Fired Coal
Pounds Pounds Pounds
200 = 215
16 619
16 252
16 662
16 511
23 788
24 584
24 072
24 148
35 258
35 904
35 674
35 612
40 193
42 468
42 078
41 461
41 751
41 940
16 733
16 703
16 726
16 721
23 238
23 562
24 030
23 734
23 590
23 721
23 646
35 070
35 100
34 839
34 555
34 891
40 695
41 378
40 796
40 692
40 890
202
6.67
6.57
6.47
6.57
6.62
6.70
6.50
6.61
6.17
6.13
6.30
6.20
6.03
6.05
6.11
5.91
5.95
6.01
7.17
7.35
7.30
7.27
6.91
6.85
7.35
7.24
7.21
7.08
7.11
6.87
6.76
7.00
6.65
6.82
6.31
6.48
6.45
6.41
6.41
*For the meaning of these asterisks see page 80.
203
7.07
6.96
6.90
6.98
7.06
7.10
6.85
7.00
6.55
6.55
6.63
6.58
6.39
6.39
6.45
6.21
6.25
6.33
7.57
7.73
7.69
7.66
7.33
7.24
7.73
7.61
7.66
7.47
7.51
7.26
7.14
7.40
7.02
7.21
6.65
6.84
6.77
6.77
6.76
Coal Fired Equiv-
alent to Steam
Used by
Per
Square
Foot of
Heating Engine Auxili-
Surface aries
per Hour
Pounds Pounds Pounds
204 216 217
3.50 2483 7
3.43 2470 4
3.51 2562 13
3.48 2505
5.02 3593 0
5.18 3670 0
5.08 3704 0
5.09 3655
7.43
7.57
7.52
7.51
8.48
8.96
8.87
8.74
8.80
8.84
3.49
3.48
3.49
3.49
4.84
4 91
5.01
4.95
4.92
4.94
4.93
7.31
7.32
7.26
7.20
7.27
8.48
8 63
8.50
8.48
8.52
5707 7
5853 0
5661 0
5740
6663 4
7018 0
6891 0
7018 0
7018 0
6986
2335 0
2273 0
2290 0
2300
3361
3439
3269
3279
3270
3352
3328
5106
5192
4975
5195
5117
6452
6384
6321
6349
6377
0
0
0
0
0
0
0
3
0
0
0
0
0
0
General Test
Conditions
With or Rate of
Without Evapo-
Syphons ration
Test
Number
Code Item F-O
B.t.u.
Trans-
ferred to
Boiler per
Pound of
Coal as
Fired
B.t.u.
Trans-
ferred to
Boiler per
Pound of
Dry Coal
Without First
Syphons
Second
Third
Fourth
8498 9000
8344 8841
8190 8729
8344 8857
8461 9024
8521 9035
8278 8728
8420 8929
7967 8459
7933 8467
8215 8643
8038 8523
7850 8317
7915 8353
7965 8419
7730 8126
7757 8143
With
Syphons
2702
2703
2706
Average
2701
2704
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
First
Second
Third
7842
8965
9208
9123
9099
8260
9477
9686
- 9601
9588
Fourth
8577
8715
9325
9180
9156
8975
8988
8920
8753
9052
8624
8837
8240
8455
8396
8366
8364
9097
9208
9805
9648
9724
9478
9493
9426
9252
9570
9096
9336
8686
8928
8808
8842
8816
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TABLE 31
HEAT DISTRIBUTION
General Test
Conditions
With or Rate of
Without Evapo-
Syphons ration
Test
Numbe
Code Item Ec2
Without First 2702
Syphons 2703
2706
Average
Second 2701
2704
2707
Average
Third 2705
2708
2714
Average
With
Syphons
Fourth
First
Second
Fourth
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
*For the meaning of these asterisks see page 80.
I
212 213
0.86 8.16
0.89 7.78
0.37 2.57
0.71 6.17
0.78 3.63
1.07 3.35
0.73 3.69
0.86 3.56
2.37 2.08
49 2 61
209
4.12
4.79
4.68
4.53
4.39
5.01
4.72
4.71
4.26
4.54
4.53
4.29
4.55
4.64
4.68
4.54
2.96
2.61
1.04
5.24
4.59
5.42
5.04
5.07
70.14
68.77
68.65
69.19
71.73
71.06
69.50
70.76
67.62
65.59
69.72
67.64
64.83
67.26
66.88
65.76
66.74
66.66
76.93
78.13
77.80
77.62
72.72
73.75
77.16
76.26
76.55
75.51
75.33
75.61
73.26
75.56
73.47
74.48
70.10
70.46
70.85
69.23
70.16
.
5.04
3.24
2.84
4.33
3.54
3.77
3.23
3.72
210
12.03
11.97
15.06
13.02
12.76
14.74
11.29
12.93
12.83
11 32
11.70
11.96
10.80
11.45
4.92 11.88
4.79 12.42
4.60 10.21
4.65 12.05
4.74 11.64
211
1.68
0.95
0.85
1.16
1.77
0.92
0.93
1.21
1.11
1.92
0.20
0.88
0.44
0.86
0.36
0.14
0.25
0.43
0.78
0.93
0.27
0.60
214
2.20
4.14
6.79
4.37
4.07
3.11
8.27
5.14
12.25
1.40
0.66
1.03
-2.21
-0.57
-0.52
-0.30
-0.90
1.50
1.03
1.20
2.83
1.64
0.59 :
0.57
0.51
0.52
0.53
0.61
0.57
0.50
0.50
0.61
0.56
0.56
0.58
0.58
0.57
0.56
0.57
0.56
0.57
0.50
0.57
0.55
0.25
0.29
0.25
0.26
0.26
0.24
0.26
0.23
0.21
0.33
0.34
0.28
0.18
0.23
0.28
0.27
0.24
1.04
0.70
0.83
0.86
5.21
5.78
5.89
6.62
5.88
3.42
3.19
4.32
3.64
4.99
6.52
3.57
4.88
5.91
3.64
4.92
4.17
4.89
4.15
4.56
4.44
5.22
3.94
5.54
3.51
4.55
1
- - - -
207 208
0.58 0.23
0.59 0.12
0.64 0.39
0.60 0.25
0.67 0.20
0.60 0.14
0.53 0.34
0.60 0.23
0.63 0.28
0.66 0.41
0.53 0.42
0.61 0.37
I
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TABLE 32
INDICATOR DATA
General Test
Conditions
Test
Number
With or Rate of
Without Evapo-
Syphons ration
Code Item (Wi-
Without
Syphons
With
Syphons
First
Second
2702
2703
2706
Average
2701
2704
2707
Average
Third 2705
2708
2714
Average
Fourth
First
Second
Third
Fourth
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
Indicated Horsepower
Right Side
Head
End
343.68
344.51
339.00
520.40
479.60
4906.90
534.30
566.00
562.50
551.30
558.40
206.60
206.30
204.50
331.70
307.40
324.90
316.30
324.40
325.10
481.78
482.40
481.90
480.14
Crank
End
391.05
371.95
361.20
462.10
465.00
493.70
547.20
559.70
568.70
553.50
565.50
234.60
239.70
233.50
360.30
347.20
364.30
354.30
348.50
353.20
492.98
493.60
489.50
484.66
I......
Left Side
Head
End
340.30
359.80
344.10
491.80
479.70
482.70
544.80
549.30
534.00
557.50
568.60
217.80
221.20
218.00
344.30
342.60
348.70
348.30
337.80
345.40
482.16
487.30
491.40
490.10
Crank
End
370.05
369.90
361.00
466.00
473.00
487.40
538.00
569.80
556.70
579.20
583.40
232.70
234.50
227.40
356.50
363.90
367.10
359.00
343.60
351.00
480.21
485.10
484.70
470.64
1445.1
1446.2
1405.3
1432.2
1940.3
1897.2
1960.7
1932.7
2164.3
2244.8
2221.9
2241.6
2276.0
2246.1
891.7
901.7
Averages of Events and Pressures
Pressures, Pounds per Square Inch
Initial
Pres-
sure
..... 172.2
181.3 177.5
177.5 174.6
179.4 174.8
178.4
176.6
177.5
174.7
175.7
179.3
174.3
175.0
176.1
178.4
182.0
883.4 177.1
892.3 179.2
1392.8
1361.1
1405.0
1377.9
1354.3
1374.7
1377.6
1937.1
1948.4
1947.7
1925.5
1939.7
176.7
175.0
174.7
173.1
173.8
177.2
175.1
170.8
167.0
167.5
167.0
168.1
*For the meaning of these asterisks see page 80.
172.5
171.6
173.6
172.6
166.0
161.3
162.1
161.0
161.4
161.5
176.6
179.6
179.5
178.6
172.1
173.0
175.1
175.1
172.7
174.6
173.8
173.9
173.9
173.5
163.7
171.3
Pres-
sure
at
Cut-
off
120.9
122.4
127.6
123.6
139.3
133.7
134.6
135.9
120.3
114.8
114.1
113.6
113.6
114.0
130.6
134.2
134.2
133.0
122.0
122.9
127.4
124.0
120.3
121.2
123.0
131.9
132.4
132.6
129.0
131.5
4.48
6.79
8.20
6.49
15.10
13.50
11.84
13.48
17.20
18,40
18.80
19.32
17.31
18.46
1.18
1.70
1.70
1.53
3.60
3.80
3.80
4.30
4.60
4.70
4.13
9.80
9.40
9.80
10.40
9.85
16.90
16.60
16.50
69.72
70.00
68. 00
69.24
95.47
92.07
94.82
94.12
78.40C
72.40
71.40
72.30
73.51
72.40
64.75
65.45
64.1C
64.77
67.37
65.85
68.00
66.70
65.55
66.50
66.6(
93.70C
94.3C
94.10
92.94
93.76
71.40
71.55
70.10
16.75 70.31
16.69 70.84
32.0
32.4
29.5
31.3
45.9
46.5
47.4
46.6
47.5
47 .8
47.9
48.0
48.3
48.0
24.8
24.4
23.8
24.3
30.8
30.0
29.2
30.0
30.0
30.3
30.1
47.5
46.1
45.9
47.6
46.8
ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 33
ENGINE AND LOCOMOTIVE PERFORMANCE
Test
Number
2702
2703
2706
Average
2701
2704
2707
Average
2705
2708
2714
Average
Coal, Pounds per Indi-
cated Horsepower-hour
Coal as
Fired
229
2.49
2.54
2.64
2.56
2.94
3.09
2.89
2.97
*2709 3.08
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
3.13
3.10
3.13
3.08
3.11
2.62
2.52
2.59
2.58
2.41
2.53
2.33
2.38
2.41
2.44
2.42
2.64
2.67
2.55
2.70
2.64
2.95
2.88
2.91
2.91
2.91
Dry
Coal
2.33
2.39
2.50
2.41
2.77
2.89
2.74
2.80
2.91
2.96
2.93
2.98
2.94
2.95
2.48
2.40
2.46
2.45
2.28
2.39
2.21
2.27
2.27
2.31
2.29
2.49
2.52
2.42
2.56
2.50
2.80
2.73
2.77
2.75
2.76
*For the meaning of these asterisks see page 80.
General Test
Conditions
With or Rate of
Without Evapo-
Syphons ration
Code Item rg
Withoul
Syphons
With
Syphons
Coal as
Fired,
Includ-
ing Aux
iliaries
231
2.81
2.68
2.77
2.75
2.49
2.54
2.64
2.56
2.94
3.09
2.89
2.97
3.08
3.13
3.10
3.13
3.08
3.11
2.62
2.52
2.59
2.58
2.41
2.53
2.33
2.38
2.41
2.44
2.42
2.64
2.67
2.55
2.70
2.64
2.95
2.88
2.91
2.91
2:91
First
Second
Fourth
First
Second
Third
Fourth
Moist
and
Super-
heated
Steam
per
Indi-
cated
Horse-
power-
hour
Pounds
234
B.t.U. of01
Coal
Fired
Idi-
cated
Horse-
power-
hour
233
34 046
32 516
32 927
33 163
29 370
30 457
31 442
30 423
34 639
37 374
34 053
35 355
37 253
36 834
36 921
36 790
35 799
36 586
30 531
29 698
30 370
30 200
28 424
29 897
28 160
28 648
28 826
29 002
28 826
31 144
31 901
30 549
31 693
31 322
34 674
34 557
34 486
35 164
34 720
Steam
per
Indi-
cated
Horse-
power-
hour
Pounds
232
18.78
17.61
17.95
18.11
16.46
17.00
17.13
16.86
18.17
18.92
18.19
18.43
18.57
18.92
18.94
18.50
18.34
18.68
18.77
18.52
18.93
18.74
16.68
17.31
17.10
17.22
17.42
17.26
17.17
18.10
18.01
17.89
17.95
17.99
18.59
18.66
18.78
18.66
18.67
Draw-
bar
Horse-
power
236
710.5
678.9
653.2
680.9
1187.2
1120.9
1089.9
1132.7
Tractiv<
Effort
Based
on Mean
Effec-
tive
Pres-
sure
Pounds
23 136
24 142
24 288
23 855
25 126
25 230
24 518
24 958
33 836
33 208
34 213
33 752
28 245
26 131
25 754
26 068
26 445
26 100
23 346
23 597
23 116
23 353
24 309
23 744
24 497
24 037
23 639
23 974
24 033
33 794
34 003
33 961
33 522
33 820
25 461
25 796
25 251
25 377
25 471
Average
Draw-
bar Pull
Pounds
237
18 578
17 752
17 091
17 807
20 638
19 557
19 016
19 737
28 438
28 131
30 018
28 862
22 109
21 288
20 601
21 218
21 842
21 237
17 713
17 696
17 619
17 676
19 314
19 834
19 119
19 208
18 229
19 921
19 271
28 688
29 804
30 273
29 588
20 229
21 333
19 919
20 172
20 413
677.0
676.3
673.4
675.6
1107.0
1136.8
1096.3
1101.4
1044.8
1141.7
1104.7
1644.2
1709.8
1739.1
1697.7
1739.4
1833.2
1713.2
1733.9
1754.9
1630.6
1607.0
1720.4
1652.7
1693.5
1829.9
1777.4
1825.0
1879.8
1828.0
18.84
17.64
18.05
18.18
16.46
17.00
17.13
16.86
18.19
18.92
18.19
18.43
18.58
18.92
18.94
18.50
18.34
18.68
18.77
18.52
18.93
18.74
16.68
17.31
17.10
17.22
17.42
17.26
17.17
18.10
18.02
17.89
17.95
17.99
18.59
18.66
18.78
18.66
18.67
Code Item
TESTS OF A LOCOMOTIVE EQUIPPED WITH THERMIC SYPHONS
TABLE 34
LOCOMOTIVE PERFORMANCE AND EFFICIENCY
General Test
Conditions
Test
Number
With or Rate of
Without Evapo-
Syphons ration
Code Item {3~
Without First
Syphons
Second
Third
Fourth
With
Syphons
First
Second
Third
Fourth
2702
2703
2706
Average
2701
2704
2707
Average
2705
2708
2714
Average
*2709
2710
*2711
2712
2713
Average
2716
2719
2724
Average
*2715
*2717
*2720
2725
2728
2729
Average
2722
2723
*2727
2731
Average
2718
2721
*2726
2730
Average
Coal per Drawbai
Horsepower-hour
As
Fired
Pounds
238
3.50
3.64
3.94
3.69
3.03
3.27
3.40
3.23
3.50
3.64
3.29
3.48
3.94
3.84
3.88
3.85
3.73
3.83
3.45
3.36
3.40
3.40
3.04
3.03
2.98
2.98
3.13
2.94
3.02
3.11
2.91
2.99
3.00
3.71
3.48
3.69
3.66
3.64
Dry
Coal
Pounds
239
3.31
3.44
3.70
3.48
2.84
3.09
3.22
3.05
3.30
3.41
3.13
3.28
3.72
3.63
3.67
3.66
3.56
3.63
3.26
3.20
3.23
3.23
2.86
2.86
2.84
2.83
2.95
2.78
2.85
2.94
2.75
2.83
2.84
3.52
3.30
3.52
3.47
3.45
*For the meaning of these asterisks see page 80.
Moist Lococ
and Fric
Steam
per
Drawbar
fIorse-
power-
hour
Pounds
240
23.46
23.98
25.65
24.36
20.04
21.93
22.09
21.35
21.65
22.34
20.74
21.58
23.75
23.21
23.67
22.72
22.21
22.95
24.72
24.70
24.84
24.75
20.99
20.73
21.92
21.55
22.58
20.78
21.43
21.33
20.38
19.87
20.53
23.40
22.57
23.81
23.47
23.31
by Engine
per
Drawbar
Horse- Friction
power- Horse-
hour power
241 243
42 406 174.2
44 164 243.8
47 004 275.1
44 525 231.0
35 739 257.9
39 211 325.3
40 494 315.4
38 481 299.5
41 237 309.7
44 026 290.2
38 766 240.3
41 343 280.1
47 709 470.8
45 189 414.9
46 211 444.5
45 253 416.6
43 354 396.2
45 002 418.1
40 283
39 598
39 868
39 916
35 854
35 806
36 016
35 870
37 438
34 945
35 988
36 689
35 097
35 549
43 607
41 757
43 730
44 227
43 330
214.7
225.4
210.0
216.7
285.8
224.3
308.7
276.5
309.5
233.0
273 0
292.9
186,4
239.1
450.0
383.8
458.7
446.6
434.8
motive
tion
Friction
Ex-
pressed
as Pull
at Draw-
bar
Pounds
244
4557
6378
Mechan-
ical Effi-
ciency of
Loco-
motive
Per Cent
245
80.71
73.58
7197 70.37
6044 74.89
4483 82.15
5676 77.51
5503 77.56
5221 79.07
5402
5081
4192
4892
6146
4828
5152
4845
4604
4857
5619
5898
5496
5671
4986
3914
5384
4823
5401
4065
4762
5111
4148
3245
4168
5234
4467
5334
5196
5058
Effi-
ciency =
B.t.u. in
Coal
Con-
verted to
Work at
Draw-
bar
Per Cent
246
6.00
5.76
5.41
5.72
7.12
6.49
6.28
6.63
6.17
5.78
6.56
6.17
5.33
5.63
5.50
5.62
5.87
5.66
6.33
6.42
6.38
6.38
5.83
6.09
5.82
5.75
5.87
84.04
84.70
87.74
85.49
78.25
81.52
79.99
81.42
82.59
81.38
75.92
75.00
76.23
75.72
79.48
83.52
78.03
79.93
77.15
83.05
80.19
84.88
87.79
90.32
87.68
79.45
82.69
78.88
79.52
80.14
I
F

RECENT PUBLICATIONS OF
THE ENGINEERING EXPERIMENT STATIONt
Bulletin No. 174. The Effect of Climatic Changes upon a Multiple-Span Re-
inforced Concrete Arch Bridge, by Wilbur M. Wilson. 1928. Forty cents.
Bulletin No. 175. An Investigation of Web Stresses in Reinforced Concrete
Beams. Part II. Restrained Beams, by Frank E. Richart and Louis J. Larson. 1928.
Forty-five cents.
Bulletin No. 176. A Metallographic Study of the Path of Fatigue Failure in
Copper, by Herbert F. Moore and Frank C. Howard. 1928. Twenty cents.
Bulletin No. 177. Embrittlement of Boiler Plate, by Samuel W. Parr and Fred-
erick G. Straub. 1928. None available.
Bulletin No. 178. Tests on the Hydraulics and Pneumatics of House Plumbing.
Part II, by Harold E. Babbitt. 1928. Thirty-five cents.
Bulletin No. 179. An Investigation of Checkerbrick for Carbureters of Water-gas
Machines, by C. W. Parmelee, A. E. R. Westman, and W. H. Pfeiffer. 1928. Fifty
cents.
Bulletin No. 180. The Classification of Coal, by Samuel W. Parr. 1928. Thirty-five cents.
Bulletin No. 181. The Thermal Expansion of Fireclay Bricks, by Albert E. R.
Westman. 1928. Twenty cents.
Bulletin No. 182. Flow of Brine in Pipes, by Richard E. Gould and Marion I.
Levy. 1928. Fifteen cents.
Circular No. 17. A Laboratory Furnace for Testing Resistance of Firebrick to
Slag Erosion, by Ralph K. Hursh and Chester E. Grigsby. 1928. Fifteen cents.
Bulletin No. 183. Tests of the Fatigue Strength of Steam Turbine Blade Shapes,
by Herbert F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1928. Twenty-five
cents.
Bulletin No. 18/4. The M asurement of Air Quantities and Energy Losses in
Mine Entries. Part III, by Alfred C. Callen and Cloyde M. Smith. 1928. Thirty-five
cents.
Bulletin No. 185. A Study of the Failure of Concrete Under Combined Com-
pressive Stresses, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1928.
Fifty-five cents.
*Bulletin No. 186. Heat Transfer in Ammonia Condensers. Part II, by Alonzo
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1928. Twenty cents.
*Bulletin No. 187. The Surface Tension of Molten Metals. Part II, by Earl E.
Libman. 1928. Fifteen cents.
*Bulletin No. 188. Investigation of Warm-Air Furnaces and Heating Systems.
Part III, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1928. Forty-five cents.
Bulletin No. 189. Investigation of Warm-air Furnaces and Heating Systems.
Part IV, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1929. Sixty
cents.
*Bulletin No. 190. The Failure of Plain and Spirally Reinforced Concrete in
Compression, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1929.
Forty cents.
Bulletin No. 191. Rolling Tests of Plates, by Wilbur M. Wilson. 1929. Thirty
cents.
Bulletin No. 192. Investigation of Heating Rooms with Direct Steam Radiators
Equipped with Enclosures and Shields, by Arthur C. Willard, Alonzo P. Kratz,
Maurice K. Fahnestock, and Seichi Konzo. 1929. Forty cents.
Bulletin No. 193. An X-Ray Study of Firebrick, by Albert E. R. Westman.
1929. Fifteen cents.
*Bulletin No. 194. Tuning of Oscillating Circuits by Plate Current Variations,
by J. Tykocinski-Tykociner and Ralph W. Armstrong. 1929. Twenty-five cents.
*A limited number of copies of the bulletins starred are available for free distribution.
tCopies of the complete list of publications can be obtained without charge by addressing the
Engineering Experiment Station, Urbana, Ill.
ILLINOIS ENGINEERING EXPERIMENT STATION
Bulletin No. 195. The Plaster-Model Method of Determining Stresses Applied
to Curved Beams, by Fred B. Seely and Richard V. James. 1929. Twenty cents.
*Bulletin No. 196. An Investigation of the Friability of Different Coals, by Cloyde
M. Smith. 1929. Thirty cents.
*Circular No. 18. The Construction, Rehabilitation, and Maintenance of Gravel
Roads Suitable for Moderate Traffic, by Carroll C. Wiley. 1929. Thirty cents.
*Bulletin No. 197. A Study of Fatigue Cracks in Car Axles. Part II, by Herbert
F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1929. Twenty cents.
*Bulletin No. 198. Results of Tests on Sewage Treatment, by Harold E. Babbitt
and Harry E. Schlenz. 1929. Fifty-five cents.
*Bulletin No. 199. The Measurement of Air Quantities and Energy Losses in
Mine Entries. Part IV, by Cloyde M. Smith. 1929. Thirty cents.
*Bulletin No. 200. Investigation of Endurance of Bond Strength of Various Clays
in Molding Sand, by Carl H. Casberg and William H. Spencer. 1929. Fifteen cents.
*Circular No. 19. Equipment for Gas-Liquid Reactions, by Donald B. Keyes.
1929. Ten cents.
Bulletin No. 201. Acid Resisting Cover Enamels for Sheet Iron, by Andrew I.
Andrews. 1929. Twenty-five cents.
Bulletin No. 202. Laboratory Tests of Reinforced Concrete Arch Ribs, by
Wilbur M. Wilson. 1929. Fifty-five cents.
*Bulletin No. 203. Dependability of the Theory of Concrete Arches, by Hardy
Cross. 1929. Twenty cents.
*Bulletin No. 204. The Hydroxylation of Double Bonds, by Sherlock Swann, Jr.
1930. Ten cents.
Bulletin No. 205. A Study of the Ikeda (Electrical Resistance) Short-Time Test
for Fatigue Strength of Metals, by Herbert F. Moore and Seichi Konzo. 1930.
Twenty cents.
Bulletin No. 206. Studies in the Electrodeposition of Metals, by Donald B.
Keyes and Sherlock Swann, Jr. 1930. Ten cents.
*Bulletin No. 207. The Flow of Air Through Circular Orifices with Rounded
Approach, by Joseph A. Polson, Joseph G. Lowther, and Benjamin J. Wilson. 1930.
Thirty cents.
*Circular No. 20. An Electrical Method for the Determination of the Dew-Point
of Flue Gases, by Henry Fraser Johnstone. 1929. Fifteen cents.
Bulletin No. 208. A Study of Slip Lines, Strain Lines, and Cracks in Metals
Under Repeated Stress, by Herbert F. Moore and Tibor Ver. 1930. Thirty-five cents.
Bulletin No. 209. Heat Transfer in Ammonia Condensers. Part III, by Alonzo
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1930. Thirty-five cents.
Bulletin No. 210. Tension Tests of Rivets, by Wilbur M. Wilson and William A.
Oliver. 1930. Twenty-five cents.
Bulletin No. 211. The Torsional Effect of Transverse Bending Loads on Channel
Beams, by Fred B. Seely, William J. Putnam, and William L. Schwalbe. 1930.
Thirty-five cents.
Bulletin No. 212. Stresses Due to the Pressure of One Elastic Solid Upon
Another, by Howard R. Thomas and Victor A. Hoersch. 1930. Thirty cents.
*Bulletin No. 213. Combustion Tests with Illinois Coals, by Alonzo P. Kratz and
Wilbur J. Woodruff. 1930. Thirty cents.
*Bulletin No. 214. The Effect of Furnace Gases on the Quality of Enamels for
Sheet Steel, by Andrew I. Andrews and Emanuel A. Hertzell. 1930. Twenty cents.
*Bulletin No. 215. The Column Analogy, by Hardy Cross. 1930. Forty cents.
*Bulletin No. 216. Embrittlement in Boilers, by Frederick G. Straub. 1930.
Sixty-five cents.
*Bulletin No. 217. Washability Tests of Illinois Coals, by Alfred C. Callen and
David R. Mitchell. 1930. Sixty cents.
*Bulletin No. 218. The Friability of Illinois Coals, by Cloyde M. Smith. 1930.
Fifteen cents.
*Bulletin No. 219. Treatment of Water for Ice Manufacture, by Dana Burks, Jr.
1930. Sixty cents.
*Bulletin No. 220. Tests of a Mikado-Type Locomotive Equipped with Nichol-
son Thermic Syphons, by Edward C. Schmidt, Everett G. Young, and Herman J.
Schrader. 1930. Fifty-five cents.
*A limited number of copies of the bulletins starred are available for free distribution.
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